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(54) TiUe: 1-SULPHONYL PIPERIDINE DERIVATIVES 
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(57) Abstract- Piperidine derivatives of formula (1) dut are useful in the inhibition of metalloproteinases, in particular TNF-o 
Converting Bnzyme (TACE) and thus in the treatment of autoimmune disease, allergic/aKJpIc diseases, transplant rejection, graft 
vosus host disease, cardiovascular disease, reperfiasion injnry and malignancy. 
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iWLpHONYL PIPERIDINE DERIVA-f^S AS ^ 

TACE SELECTIVE INHIBITORS 

The present invention relates to compounds useful in the inhibition of 
metailoproteinases and in particular to phannaceutical compositions comprising these, as well 
as their use. 

5 The compounds of this invention are inhibitors of one or more metalloproteinase 

etizymes and are particularly effective as inhibitors of TNF-a (Tumour Necrosis Factor-a) 
Production. Metailoproteinases are a supeifamily of proteinases (enzymes) whose numbers in 
recent years have increased dramatically. Based on structural and functional considerations 
these enzymes have been classified into families and subfamilies as described in Hooper 

10 (1994) EBBS Letters 354:1-6. Examples of metailoproteinases include tihe matrix 
metailoproteinases (MMP) such as the collagenases (MMPl, MMP8, MMP13), the 
gelatinases (MMP2, MMP9), the stromelysins (MMP3, MMPIO, MMPll), matrilysin 
(MMP7), metalloelastase (MMP12), enamelysin (MMP19), the MT-MMPs (MMP14, 
MMP15, MMP16, MMP17); the reprolysin or adamalysin or MDC family which includes the 

15 secietases and sheddases such as TNF-a converting enzymes (ADAMIO and TACB); the 
ADAM-TS family (for example ADAM-TSl and ADAM-TS4); the astacin family which 
include enzymes such as procollagen processing proteinase CE^CP); and other 
metailoproteinases such as the endothelin converting enzyme fannly and (he an^otensin 
converting enzyme family. 

20 Metailoproteinases are believed to be important in a plethora of physiological disease 

processes that involve tissue remodelling such as embryonic development, bone formation and 
uterine remodelling during menstruation. This is based on the ability of the metailoproteinases 
to cleave a broad range of matrix substrates such as collagen, proteoglycan and fibronectin. 
Metailoproteinases are also believed to be important in the processing, or secretion, of 

25 biologically important cell mediators, such as tumour necrosis f actor-a (TNF-a); and the post 
itranslational proteolysis processing, or shedding, of biologically important membrane 
proteins, such as the low affinity IgE receptor C3D23 (for a more complete list see N. M, 
Hooper et al., (1997) Biochem J. 221:265-279)- 

Metailoproteinases have been associated with many disease conditions. Inhibition of 

30 the activity of one or more metailoproteinases may well be of benefit in these disease 

conditions, for example: various inflammatory and allergic diseases such as, inflammation of 
the joint (especially rheumatoid arthritis, osteoarthritis and gout), inflammation of the gastro- 
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intestinal tract (especially inflammatory bowel disease, ulcerative colitis aid gastritis), 
inflammation of the sldn (especially psoriasis^^^ eczema arid (termatitis); in or 
invasion; in dise^^e assodjEtted with imcpntxolled degradatiq ex&ac ellular matrix such 
as osteoarthntis; in .bone fesorptiye disease (such as osteoporosis and Page t's disb£^^ 
5 dis6a^s associated with abeirant angic^nesis enhanced^Uagen reii pde^ling associated 
with diabetes, pe^pdontaLjdise ]lp€»:ad6n of the 

sidrii pbst^oi^eratiVe con^ as cplbiiic £^ ^ i/Qun<0ieaIing; 

dernyelinating diseases of the e and peripheral nerwu^ i asrii^ 

sclerosis); Alzhbimer* s disease; and extracellular :ved in 

10 cardiovascular diseases such as r^^^ 

A number. of met^lopn^^ ikiiown; di£fe^^ elks sesi ;pf c6r^^ 

Inix^Si^ diffi^^ ; 
metalid|Nrbteina$bs 

metallb^tediii^^ inj^eii^ qinjpi^^ of this 

15 : iriveriWott 

TAGB(?dsolcn 

al. (1997) Nature 385:729-733; MiL. Moss ^/ oL (1997) Nature 385:733--736] is a member of 
the ad^alysm TAGE has been^^\^ resi tonsifele for the 

: ^:leayag&^ a biblogicaUy 

20 active soluble 
is fbun(f in 

mam)pl^ >Yid6^ of i»x)H 

ihflammabi^ (^^an^^cheimik^^ 
to promote cdi t^^ induOionxif ^ ion fibroblasts 

25 to produce prosj^glmdins a^^ immune system [Aggahyal ?f of (1996) Eur. 

Cytokine Netw. 7r 93^134]. Glinical usie of ttie arid-TOF biolb^aOk hias Dvm 
{dayman inq)prt£^ 
Oohn's dise^ 

Drugs 57:94^-964]. TAGE activity has also been implicated in dhe ^eddin g; of oth^ 
30 membrane bound proteins including TGBoc, p75 & p55 TNP^^i^ I>se lectin and amylQid 
precursor protdti [Black (2(K>2) Int. J- Biochem; Cell Biol. 34:1^. The bi oiiogy of tACE 
inhibition has recently been reviewed and shows TACE to have a central ro e in TNF-a 
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production and selective TACE inhibitors to have equal, and possibly greater, efficacy in the 
collagen induced arthritis model of RA than strategies that directly neutralise TNP-a [Newton 
et al (2001) Ann. Rheum. Dis. 60: iii25-iii32]. 

A TACE inhibitor might therefore be expected to show efficacy in all (Usease where 
5 TNP-a has been implicated including, but not limited to, inflammatory diseases including 
rheumatoid arthritis and psoriasis, autoiimnime diseases, allergic/atopic diseases, transplant 
rejection and graft versus host disease, cardiovascular disease, reperfusion injury, malignancy 
and other proliferative diseases^ A TACE inhibitor might also be effective against respiratory 
disease such as asthma and chronic obstructive pulmonary diseases (referred to herein as 
10 COPD). 

Metalloproteinase inhibitors are known in the art. WO 02/074750 and WO 02/074767 
disclose compounds comprising a metal binding group that are inhibitors of 
metalloproteinases- WO 02/074751 also disclosed compounds tiiat are inhibitors of 
metalloproteinases and especially MMP12. 
15 We are able to provide further compound's that have metalloproteinase inhibitory 

activity, and are in particular inhibitors of TACE (ADAM17). 

According to the first aspect of the present invention there is provided a compound of 
formula (1), a pharmaceutically acceptable salt or in vivo hydrolysable ester tiiereof: 



Y2 




20 formula (1) 

wherein: 

and are independently O or S; 

zisNR^OorS; 

n is 0 or 1; 
25 WisNR\CR^R^orabond; 

mis Oor 1; - . . 

D is hydrogen, Ci^alkyl, Q-ecycloaftyl or fluoro; 
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X is KCR^^R^^)r-<MCR*'fe^^)u- where t and u are independenUy 0 or 1 ajid Q is O, S, SO or 

502; • 

B is a group selected f^m^^ heteroar^ and het^ocyclyl; wbea^ each.gcbup is optionally 
substituted by one^dr more^^ independently: selected fip oxomettiyl, 
5 triftocMXM^ or e 

c&ore haio), C2^alken)d (Optionally si^^ 
substituted by halo orR^, Ca^cycloalkyl (o{)fibhaliy substi#^ R^ or cne or more halo), 
Gs^^ycloalkenyl (optionally substituted by halo or R^),^^^^ stituted by halo or 

Gi.4aUg4)^ hetm>^^ clyl (optional^ 



^aiKoxy or one or 
[optionally 



10 vsubstitutedbyG,^^ -SOR' V^OaR 



ax 



ill 



10 



4all^j^, eacfi bea^ ;yl^ G3:€cycloalkyl, 

^li he^ o tie or nKfte halo, 

mtro^ fcyanb, triiluo^ i<JQNH^ 



10 



VHSQiR",- 

15 SOaNR^R^^, -NR^S02R", Ci-4alkyl or Ci.4alkoxy; with the provisos that: 

when n is 1 and W is NR' , GR*R^ or a bond; or when n is 0 and W is CR^I then B is a 
group selected from aryl, heteroaryl and heterocyclyl, where each group is < )ptionally 
substituted by one or more groups independently selected 

trifluoromethoxy, halo, cyano, Ci^alkyl (optionally substituted by R^ or Ci 4alkoxy or one or 
20 more halo), Gs^alkenyl (optionally substituted by halo or R-), Gi^alkynyl ( 3ptionally 

substituted by halo or R^, Ca^cycloalkyl (optionally substituted by R^ or 01 le or more halo), 
Gs-^ycloalkenyl (optiondly substituted by halo or R^, aiyl (optionally sub ^tituted by tialo or 
Ci^alkyl), heteroaryl (optionally substituted by halo or Gi-4alkyi), heterocy< ;lyl (optionaliy 
substituted by Gi^allgrl), -SR", -SOR", -^OaR", -SOiNR^*^ -NR^SO: - 
25 NHCONR^^^ -OR^ -NR^*^ -GONR^^^ and-NR^GOR^^ or B is G^alkenyl or C2- 
4alkynyl, each being optionally substituted by a group selected from Gi:4alkyl, Ga-ijcycloalkyl, 
aryl, heteroaryl and heterocyclyl which group is optionally substituted by 01 le or moie^halo, 
nitro, cyano, trifluoromethyl, trifluoromethoxy, -<:ONHR^, --CONR^?^^ - 
V S02NR^^^ -m?SOilEL^\ CMalkyI or Ci^alkoxy; and 
30 wh^ n is 0 W4s NR^ or a bond; then B is a groijp selebted from bicycllc a^ 

heteroaryl and l^cyclic heterocyclyl, where each grpig) is optionaUy sii^^ ted by one or 
more groups independently selected from nitro, tri^uoromethyl, tdfluoroiiie tfaoky, halo. 



-NR^SGkR^'," 
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cyano, Ci^alkyl (optionally substituted by or Ci^alkoxy or one or more halo), C2-4allcBnyl 
(optionally substituted by halo or R*), Cwalkynyl (optionally substituted by halo or R'), C3- 
6cycloalkyl (optionally substituted by R** or one or more halo), Cs^cycloalkenyl (optionally 
substituted by halo or R*'), aryl (optionally substituted by halo or Ci.4allcyl), heteroaryl 
5 (optionally substituted by halo or Ci.4allcyl), heterocyclyl (optionally substituted by Ci.4alkyl), 
-SR", -SOR". -SOzR", -SOzNR^^". -^^R'SOzR", -NHGONR^^o. -OR^ -NR'^'''. - 
CONR^*» and -NR'COR'"; or B is Ca^alkenyl or Cj^alkynyl, each being optionally 
substituted by a group selected from Ci^talkyl, Ca^ycloalkyl, aiyl, heteroaryl and heterocyclyl 
which group is optionally substituted by one or more halo, nitro, cyano, tdfiuoromethyl, 
10 trifluoromethoxy, -CONHR^ -CONR^R^". -SO^R". -SO2NRV, -NR'SOjR". Q^alkyl or 
Ci^alkoxy, 

R and R are independently hydrogen or a group selected from Ci^salkyl, C2.6alkenyl, C2. 
eallcynyl, Ca-ficycloalkyl and Cs-ccycloalkenyl which group may be optionally substituted by 
halo, cyano, hydroxy or Ci^alkoxy; 

15 R^ R'*, R^ and R* are independently hydrogen or a group selected from Ci-fialkyl, Cz^alkenjd, 
Q^alkynyl, Cs-ecycloalkyl, Q^cycIoallcBnyl, aryl, heteroaryl and heterocyclyl which group is 
optionally substituted by one or mote substituents independently selected from halo, nitro, 
cyano, trifluoromethyl, trifluoromethyloxy, Ci.4alkyl, C^alkenyl, C2-»alkynyl. Ca^ycloalkyl 
(optionally substituted by one or more R"). aryl (optionally substituted by one or mrae R"), 

20 heteroaryl (optionally substituted by one or more R"), heterocyclyl, -OR", -SR**, -SOR***. - 
SO2R", -COR^^ -CO2R*', -CONR»»R» -NR^^'COR". -SOzNR^^R^^ and-l^^^SOzR^^ 
or and R' together with the nitrogen or carbon atoms and carbon atom to which they are 
respectively attached form a saturated 3- to 7-membered ring optionally containing 1 or 2 
heteroatom groups selected from NH, O, S, SO andSOz where the ring is optionally 
25 substituted on carbon by Ci.4alkyl, fluoro or Ci^alkoxy and/or on nitrogen by -COCi-salkyl, - 
SOaCt.salky] or CMalkyl; 

or R^ and R* togedier form a satwated 3- to 7-membered ring optionaUy containing 1 or 2 
heteroatom groups selected from NH, O, S, SO and SO2 where the ring is optionally 
substituted on carbon by Ci.4alkyl, fluoro or Q^koxy and/or on nitrogen by -COCi.3alkyl, - 
30 S02Ci.3alkylorCMalkyl; 

or R^ and R* together form a saturated 3- to 7-membered ring optionally containing 1 or 2 
heteroatom groups selected from NH, O, S, SO and SO2 where the ring is optionally 



wo 2004/024698 



-6- 



4i 



LCT/GB2603/003937 



CizicycloaJkyh 



substituted on eaibbn by fluorp or Ci.4alkGxy and/pr on nitroger by r-eOGi.salkyl, - 

SG^C^3allg4 or 

hydrp^fr frc«n Cil;6allq|i ^ he4er6alkyl» C3. 

7C3«:loaH^^^^^ is optional ubstitutedby halo» 

5 Gi.4iJlgd^^ d!^I]kyl wfaeiem 

thp ^ufi j^]^ be sel^c^^ is bpti^^ roup andAnr on its 

c^iticmal \ 

10 SR^,-5QR^, -SpzR^, •-NR^^eQR^,-CCM^ 

or mid are eac^ d aiid (G3B^ 

fofm^^ rg^bup^^^j^^^ 

ftpj^ S, SQ^ahctiSOa v^^ jon^byiEi^allg^ 

\fluoio or CiUalkoxy and/or oi^ nitipgeh^^^^ 
1 5 i$ sae(^^ 

and R*^ are'ind^pendently hydrogen, Ci-^alkyl or Q^jcycloalkyl; ^ 
or R- and R^^ together wft nitrogen to which the)^ are attached foitti a heterocyclic 4 to 7- 



R^^ is Ci-ealkyl or Ca^cyclpalfcyl; 
ijt?Tis sdec^^ 

R^* is hydK)g©h 01^ group fiS^pC^ G^s^ycl >alken3^^ saturated 

IwsteibD^y^ &T^Ci^l^ is optionally 

25 Substituted by one or more halo; 

R^ and R?^ are in|^^ ^^€5. 
7cyclpalkenyli s^^^ hetierGJai^; at^ ^^aiui het srpaiylC 

which group Is ppS^ 
R^isj^^*^ 

30 pr R^* and wl% titenitrbgOT^ 4- to 

7-1 



R^ and R^ ar? independently hydrogen, Ci j^alkylf h^oQ^aliyl, aryl iand a tylCwallqfl; 
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or and together with the nitrogen to which they are attached foim a heterocyclic 5- to 
6- membered ring. 

According to a second aspect of the invention there is provided a compound of 
formula (1), a phaimaceutically acceptable salt or in vivo hydrolysable ester thereof whoein: 
5 Y* and are independoitly O or S; 
zisNR^OQrS; 
His 0; 

W is NR^ or a bond; 
misOor 1; 

10 D is hydrogen, Ci.4alkyl, Cs^cycloalkyl or fluoro; 

X is -(CR'^' VQ-(CR"^'\- wheaB t and u are independently 0 or 1 and Q is O, S, SO or 
SO2; 

B is a group selected from aryl, heteroaryl and heterocyclyl, where each group is optionally 
substituted by one or more groups independently selected from nitro, tiifluoromethyl, 

15 trifluoromethoxy. halo, cyano, C^kyl (optionally substituted by R' or Ci-ialkoxy or one or 
more halo), Q.4alkenyl (optionaUy substituted by halo or R*^, Cz-talkynyl (optionally 
substituted by halo or R\ Canscycloalkyl (optionally substituted by R' or one or more halo), 
C^ficycloalfeenyl (optionaUy substituted by halo or R*), aiyl (optionally substituted by halo or 
Ci^alkyl), heteroaryl (optionally substituted by halo or Ci^ialkyl), heterocyclyl (optionally 

20 substituted by C,.4alk3d), -SR", -SOR", -SO2R", -SQzNRV^ -NR'sQzR", - 
NHCONR'R". -OR^ -CONR'r" and -NR'cOR'®; 

R* is hydrogen or a group selected from C,.6alkyl, Cs-salkenyl, Cj^alkynyl, Cj^ycloalkyl and 
C^cycloalkenyl which group may be optionally substituted by halo, cyano, hydroxy or Ci. 
4alkoxy; 

25 R andR are independenfly hydrogen or a group selected from Ci.4alkyl, C3.4alkenyl, Cj- 
4alkynyl, Ca-scycloalkyl, pentenyl, aryl, heteroaryl and heterocyclyl which grotq> is optionaHy 
substituted by one or more substituents independentiy selected fix>m halo, nitro. cyano, 
trifluoromethyl, tiifluorometiiyloxy, Ci^alkyl, Ca-^alkenyl, C^4alkynyl, Csnjcycloalkyl 
(optionaUy substituted by one or more r"), aiyl (optionaUy substituted by one or more r"). 
30 heteroaryl (optionaUy substituted by one or more r"), heterocyclyl, -OR", -SR*', -SOR", - 

~""S0^'^-O0m"R2«and -NR»COR*»7 
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^respectively 
oil 2 heteroatom 



to 7-1 aemb^red ring 



or and R- together with the tiitrogen and caibon to which they an:; 
attached; fotni a saturated 3- to 7-membeied ring optionally containing 1 
groups selected ficoin l^' caitx>n 
by Cj^alkyl, fluoio or Ci^alkoxy and/or on mtrbgeh by -S€]|2Gi:3a]kyl or Ci. 

5 4^1kyl; ^vJ::* * -'-y 

or^- smd i^f togcfiier ssitii^^ 

pjptiohally cbiitiunShg 1 het^atdrii groups select^^ from NH, 0, S, SC|> and SO2 where 
the ring is optibnaUy substituted on carbpir by CIi^alkyl, fluoro or Ci4alko^ -y and/or on 

10 is hydrojgeh cac^gtcn^ Ci-4aliyl, heteroaJl^^ yl 

. or heterocyclyl where the group is of)tionaUy s^^^^ 
scycldaili^I^ heterpaQflor and ^^hCTdnitfae bup 

ms^besel^t^ 

: ofl^iioore^^^ 
15 hcMte^^ 



V aj;ty4i heteroaxyl 

fixim which 
ib optk^a^^^^ one 
^^fhalbCi^anc^, 



CONR^^R^and^-^ 

or R? artd R'^ yi/iu<^ d^and (CR^R^ 

fonn a saturated caibocyclic or heterocyclic 5- or 6^menibered ringv 
20 R* is selected froni hydrdgeui CiliaUcyl and haloCi-^aUcyl; 
1^ md R^? 

or aE^^R?-^^^ attadhed^^^ a: jie<je^^ 4: to 6- 



^ Ip^W Ciuialkyl ^d 

R^^ is hydrogen 6r:Ci-4^^ 
: R?^i^ sd0etedf^^ 

aS;-jt"l^jl^iiirv^^ .^^v... ... - r . 



is hydrogen 

faet^K>cyc^, aiyl»^het©^ aryiC ^all^ arid H^tikoarj^^ v^ch^^ oiip optionally 
30 subs^ipted by o^ 



wo 2004/024698 PCT/GB2003/003937 




and R^^ are independently a group selected from Ci,4alkyl, C3.5cycloalkyl, C5. 
^cycloalkenyl, saturated heterocyclyl, aiyl, heteroaryl, aiylCi.4alkyl and heteToaiylCi-4alkyl 
which group is optionally substituted by one or more halo; 
R^ is hydrogen, CMalkyl or Ca-scycloallq^l; 
5 or R^^ and R^ together with the nitrogen to which they are attached form a heterocyclic 4- to 
6- membered ring; 

R^* and R^ are independently hydrogen, CMalkyl, haloCMaDcyl. aiyl and arylCi^alkyl; 

or R^* and R^ together with the nitrogen to which they are attached form a heterocyclic 5- to 

6- membered ring. 

10 In another aspect of the present invention thrae is provided a conq)ound of fonnula (1) 

or a pharmaceutically acceptable salt thereof. 

It is to be understood that, insofar as certain of the compounds of formula (1) defined 
above may exist in optically active or racemic forms by virtue of one or moie asymmetric 
carbon or sulphur atoms, the invention includes in its definition any such optically active or 
15 racemic form which possesses metalloproteinases inhibition activity and in particular TACE 
inhibition activity. The synthesis of optically active forms may be carried out by standard 
techniques of organic chemistry well known in the art, for example by synthesis from optically 
active starting materials or by resolution of a racemic form. Similarly, the above-mentioned 
activity may be evaluated using ttie standard laboratory techniques referred to hereinafter. 
20 Compounds of formula (1) are therefore provided as enantiomers, diastereomers, 

geometric isomers and atropisomers. 

Within the present invention it is to be understood that a compound of formula (1) or a 
salt thereof may exhibit the phenomenon of tautomerism and that the formulae drawings 
within this specification can represent only one of the possible tautomeric forms. It is to be 
25 und^stood that the invention encompasses any tautomeric form which has metalloprotdnases 
inhibition activity and in particular TACE inhibition activity and is not to be limited merely to 
any one tautomeric form utilised within the formulae drawings. 

It is also to be understood that certain compounds of fonnula (1) and salts thereof can 
exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be 
30 understood that the invention ^compasses all such solvated forms which have 
metalloproteinases inhibition activity and in particular TACE inhibition activity. 



40- 
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It is also tp l 
polympiphism, 

metalloproteinasi^ inKibitibri fii^ 

Thb pieslent inventibiqL^ to compounds of ^i^^ ^flncd lu^^ as well 

5 as to the salts^ tb^^^edf. Salts fc* use in be phmnaceutically 

accept^e salte^^b^ uhd^ ctf fonn^ (1) 

and their pH^toSc^ JE^arn^^ salts o£ttie invention 

may,tor exanijple^^ defined 
which are sufficiehtiy baisic; to f orm such salts. I Such acid addition salts ii iclude but are not 

10 liinited to hyd^^ citote and 

|>h0s^ afid iulj^ Jn addition where ccnnp^ (1) are sufficiently 

aci(^,;sMts\ar^^iase^s^ indudelnit are aUcalin^ salt for 

eXaniple so^ for exMlo^ ^siiun or 

niaj^j^sr^ dtoxyethyl)amine 

IS The .conipbunds of formula (1) may also be provided as in viva hy Ixplysj^ble inters. 

, An in vivo hydrolysablejester of a compound of formula (1) containing a c arbpxy or hydroxy 
group is^%^ 

kniirial bcdy t6^pi^tk:e; MqcJi^ ? ucl^ yified by 
adriiHii^OT^ a testanim co^i|^(^^ inder^test and 
20 ^ubsequendy e^ 

vSiutaW for ca?^^ iiici^^ ^alkoxym^yl 

istoK^iiBki^^ eitpsaij^ pie 
piVaioyteix 

1-cydp^^ : 

25 S-methj^,^^ fw e^cample 

l^^me^^ e jc^^ of 

.thiS;inYeiition^^^ • • v;:^■ "^r- ■ v-M ■ ^^''^v^v^:^^^^^ j^-v-^' 

: Suitable ph^maceutiK^ ^rganip^ 
as phosphate esters (inqlu^ phosphpraiiudic C3^1ic e arid c^acylox; (aUcy^ 
30 relal^ in vivoh^dr^ 

the parent hydroxy g^^ of <x-acyIoxyali^i ^er5 include ac^^xymetfaoxy and 

2^-dinieth>ipropi^piiylox}^^ A sdection of m vivo hydirolysable est s»r forming groups 



m niiill 
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for hydroxy include Ci-ioalkanoyl, for exan^le formyl, acetyl; benzoyl; phenylacetyl; 
substituted benzoyl and phenylacetyl, Ci-ioalkoxycaibonyl (to give alkyl carbonate esters), for 
example ethoxycarbonyl; di-(Cr4)alkylcarbamoyl and jV-(di-(Ci-4)alkylaimnoethyl)-2V- 
(Ci-4)allg^lcart)amoyl (to give carbamates); di-(Ci-4)alkylaimnoacetyl and carboxyacetyl. 
5 Examples of ring substituents on phenylacetyl and benzoyl include aminomethyl, (Q. 
4)alkylaminomethyl and di-((Ci-4)alkyl)aniinomethyl, and morpholino or pipeiazino linked 
fixnn a ring nitrogen atom via a me&ylene Unking group to the 3- or 4- position of the benzo^ 
ling. Other interesting in vivo hydrolysable esters include, for example, R\X0)0(Ci-6)alkyl- 
CO-, wherein is for example, benzyloxy-<Ci-4)alkyl. » phenyl). Suitable substituents on a 
10 phenyl group in such esters uaclude, for example, 4-(Ci-4)fdperazmo-(Ci-4)alkyI, piperazino- 
(Ci-4)alkyl and morphoIino-(Ci-4)alkyL 

In this specification ttie generic term "alkyl" includes both straight-chain and 
branched-chain alkyl groups. However references to individual alkyl groups such as "propyl" 
are specific for the strai^t chain version only and references to individual branched-chain 
15 alkyl groups such as tert-butyl are specific for the branched chain version only. For example, 
"Q.aalkyr includes methyl, ethyl, propyl and isopropyl, examples of ••Ci-«alkyr inchide the 
examples of "Ci-aalkyl" and butyl and tert-butyl and exanq^les of "d-ealkyr include tiie 
examples of "Ci.4alkyrand additionally pentyl, 2,3-dimethyliaopyl, 3-methylbutyl andhexyl. 
An analogous convention applies to other gwieric terms, for exanq>le "C^alkenyl" includes 
20 vinyl, allyl and 1-propenyl and examples of "C^fialkenyl" mclude the examples of 
•X:2-»alkenyr and additionaUy 1-butenyl, 2-butenyl, 3-butenyl, 2-methyIbut-2-enyl, 3- 
methylbut-l-enyl, 1-pentenyl, 3-pentenyl and 4-hexenyl. Examples of "Cz^alkynyl" includes 
ethynyl, 1-propynyl, 2-propynyl and 3-butynyl and examples of "Ca-galkynyrinclude the 
examples of "Cz^alkynyl" and additionally 2-pentynyl, hexynyl and l-methylpent-2-ynyL 
25 Where examples are given of generic terms, these examples are not limiting. 

"Cycloalkyr is a monocyclic, saturated alkyl ring. The term "Ca-iCycloalkyr includes 
cyclopropyl and cyclobutyl. The term «C3-scycloalkyl" includes "Cj^cycloalkyr and 
cyclopentyL The term "Ca-ecycloalkyl" includes "CVscycloalkyl" and cyclohexyl. The terni 
"C3.7cycloalkyr includes "Cs-ficycloalkyr and additionally cycloh^tyl. The term "C3. 
30 locycloallqrl" includes 'Xi^Tcycloaikyl" and additionally cyclooctyl, cyclononyl and 
cyclodecyL 



wo 2004/024698 



.12- 



4f ' 



7682003/003937 



''Cycloalkenyl" is a monocyclic ring containing 1, 2, 3 or 4 double 3onds. Examples 
of **C3.7cyclQaikehyr, "Cs-Tcycloalkeriyr and "Gs^ycloall^yr are icyclb [)entenyl, 
cycloh6xeiiy|-:aiui^ and examples of *X:^iocyclo£aira[i>4'^inq^^ fliese 

examples^ mdcycipoct^ 
5 Unless otiierwS^^^^^^ is ixionocyclic or bicyclic. Exam]|>les of "aryl 

therefore inelui&pi^ (an exaiiljpfe of nionocjx?lic ai^) and iiaphth^ 
bicj^lic arj^r^^^^^ ^ 

ExamplM of "arylGi^alky^ are benzyl, phenethyl, haphthylmethyl 
^ IJnless oti^^^ specified "heteroarjd** is a monpcyclic^W 
10 ccmtaining 5 ta 10 miig atoms df^ Which 1, 2» 3 oi^ ring iato^^ 

si^phut or xixygq^^ a ringciutrogenj^ £xa^^ 
are pyiidyi> imidaz^ eihnolyljnpjai^^^ 
thiazcdjd^ coc^pl)^^ 



example of 

and naphthylethyL 
aiylring 



^yrazolyl, 
brazofuranyl. 



benzothii^U^^^ beiizc^ Isotiiiazdlyl, 



15 injtozo]^^ iii^ 



thiazolylv oxazolyl andvisoxazolyl. More prefe aidazolj^ arid 

: aire pyri pj^iri^^ 

; :^ xariajples of 

iO: *1mc jHiUp hetw^ ilyl, 

be»izimida^ ttiaioly!, 

fc^msp^azo|^ iiinazplihj^ 

inud^2U>^^ ft»fei« et^ro^ are those 

exaiicqdes bf^t^^ 
25 i^amplesi^^^ 

pynmidihylprop^ qu inolinjdpropyl, 

i;3^triazql)^im3^ 6 ? 

ring (uinless QtHen^ 

30 cliosen from niti^j^ siUptiiur or oxygen, WMdi nmy,^^^^^ ifi^ bb carbon or 

nitrogen linked; wherein a can optidhidly be re^ and where 
unless stated to. the c^ntn^ a ring nitrogen or sidphur atom is optionally ox idised to form tiie 



pyrazolopyiidinyL 
ipyr^cJyli 
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N-oxide or S-oxide(s); a ring-NH is optionally substituted by acetyl, fonnyl, methyl or 
mesyl; and a ring is optionally substituted by one or more halo. Examples and suitable values 
of the term "heterocyclyl" are piperidinyl, N-acetylpiperidinyl, N-methylpiperidinyl, N- 
fomiylpiperazinyl, iV-mesylpiperazinyl, homopiperazinyl, piperazinyl, azetidinyl, oxetanyl, 
5 morpholinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, indolinyl, pyranyl, dihydro-2iy- 
pyranyi, tetrahydroforanyl, 2,5-dioximidazolidinyl, 2,2-dimethyH3-dioxolanyl and 3,4- 
methylenedioxyphenyL Preferred values are 3,4-dihydro-2H-pyran-5-yl, tetrahydKofuran-2-yl, 
2,5-dioximidazolidinyl, 2,2-dimethyl-l,S-dioxolan-2-yl, 2,3-methyleiiedioxyphenyl and 3,4- 
methylenedioxyphenyl. Other values are pyridoimidazolyl, benzimidazolyl, benzofuranyU 

10 benzothienyl, indolyl, benzothiazolyl, benzotciazolyl, benzisoxazolyl, benzisothiazolyl, 
indazolyl, indolizinyl, isobenzofuranyl, quinazolinyl, imidazopyridinyl, pyrazolopyridinyl, 
indolinyl, tetrahydroquinoline, tetrahydroisoquinoline andisoindolinyL Examples of 
monocyclic heterocyclyl are piperidinyl, N-acetylpiperidinyl, iV-methylpiperidinyl, N- 
formylpiperazinyl, N-mesylpiperazinyl, homopiperazinyl piperazinyl, azetidinyl, oxetanyl, 

15 morpholinyl, pyranyl, tetrahydrofuranyl, 2,5-dioximidazolidinyl and 2,2'dimethyH,3- 
dioxolanyL Examples of bicyclic heterocyclyl are pyridoimidazolyl, benzimidazolyl, 
benzofuranyl, benzothienyl, indolyl, benzothiazolyl, benzotriazolyl, benzisoxazolyl, 
benzisothiazolyl, indazolyl, indolizinyl, isobenzofuranyl, quinazolinyl, imidazopyiidinyl, 
pyrazolopyridinyl, indolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, isoindolinyU 2,3- 

20 mettiylenedioxyphenyl, and 3,4-dimettiylenedioxyE4ienyL Examples of saturated heterocyclyl 
are piperidinyl, pyrrolidinyl and morpholinyl. 

The term "halo** refers to fluoro, chloro, bromo and iodo. 

Examples of "C^salkoxy'* and '*Cx.4alkoxy** include methoxy, ethoxy, propoxy and 
isopropoxy. Examples of "Ci^alkoxy" include the examples of *'Ci^lla>xy" and additionally 
25 pentyloxy, l-ethylpropoxy and hexyloxy. 

"Heteroalkyl" is alkyl containing at least one carbon atom and having at least one 
carbon atom replaced by a hetero group independently selected fix>m N, O, S, SO, SO2, (a 
hetero group being a hetero atom or group of atoms). Examples include -CH2O-, OCH2-, - 
CH2CH2O-, -CH2SCH2CH2 and-OCH(CH3)2-. 
30 "HaloCi^alkyr' is a Ci^Hcyl group substituted by one or more halo. Exan^les of 

"haloCi^alkyF' include fluoromethyl, trifluoroniethyl, 1-chloroethyl, 2-chloroethyl, 2- 
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^saturated, 
Bxaniples iiLclude 



bromopiopyl, 1-fluorbisoprppyl and 4-chlorobutyl. Examples of "haloCi-dallg^l" include the 
examples of "haloCMaJkyr and 1-^hlorpp 3-<:Mor6pentyl and 2-fluorohexyh 
Examples 

hydioxyethyl, 2-hydit>xypropyl, l-hydroxyisopropyl and 4rhydrox^ 
5 Example of "Ci^alkpxyCMalkyr* include li^ lethyl, 

methoxyetl]^; ineft 

**HaloG!i-4aJkoxyCMalk^^ is a CiH^alkoxyGi^alks^i one or more 

halo. Examples of "haloGi^alkoxyC^ ttiflubromethoxymet hyl, 1- 

(chloromethoxy)ethyl, 2-=^flubroeth6x3TOeffi^ 2-(2- 
10 iodoethoxy)ethyL 

Examfjiles of "cai^boxyCij|?iUcYl" include ca^ 2Kmrbpxy Jthyl and 2- 

carboxyprppyh 

A "carbocj^iic 5 to iS-ipaemberetf^ri^^ (unless speqijBcally stati^ 
paitiany saturated to 6 nng^dM^ atoti^ 

15 cycldfHOTtjd, cyc^ An aiialb^^ 

applie^^^OT 

5 to 6-membCTed'* ring ahd additionally cy^^ 

Heterocy^ 3 ring^at^^ ftiqm^ito 

oxygen artdsulphiit^* 

20 **heterocycHc 5 to 

honiopipiffijidiriyl; lionibi>ipd:azinyi ^ 1M ttuc^]yT^^ tiolinyl. 

*?feten)cyc^e 4 to 7 rin^ iiiclu^ 7- 

membeied? and addU^ iioi^iL^ 7^ 

membti^ ppen ^nf^^ 

25 Wheie opti^^ substituents^^^c^ groujps oi^ siibstitufe^ it i 

to be understood Uiat this defi^ ail $ubstituehts being chbsjen f rpiii bne of the 

specific or of the s pedfied^ 

PrefenA^^ife 

siibstituent is halb. "One of more" may alsp means **1 or 2'\ 
30 Ck)mpqbnds of ti^^^ present inymtionvhave beeii lianied y^th &e aid ({^^^^^ 

software (AC3>/Ka^ 

Preferred values of Y^ Y^ 2, n. D, X, B, R^ R^ and are as foUows. 



lyhe^ the^g^^ or 
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Such values may be used where appropriate with any of the definitions, claims or 
embodiments defined herein. 

In one aspect of the invention and are both O. 

In one aspect of the invention z is NR^. 
5 In one aspect of the invention n is 1. In another aspect n is 0. 

In one aspect of the invention W is NR^ In another aspect W is CR^R^. In a further 
aspect W is a bond. 

In one aspect of the invention m is 0. In another aspect m is 1. 

In one aspect of the invention D is hydrogen, methyl or fluoro. In anolh^ aspect D is 
10 hydrogen. 

In one aspect of the invention X is -CR^^^^-Q- or-CJR^^^^-Q-CR^'^^^-. In 
another aspect of the invention X is -CR*^R^^-Q-, -Q-CR^^R^^- or --CR^^R^^^Q-CR^ V^-. 
In another aspect X is Q. In a further aspect X is -(CBb)-©-, -O^CHj)-, -<CH2)-<MCH2>- 
or -(CHMe>-0- or In yet another aspect X is -(CH2)-0- or -0-(CH2>- 

15 In one aspect of the invention Q is O. 

In one aspect, whennis 1 and WisNR\ C38.*R^ or a bond; or when n is 0 and W is 
C3R.*R^; B is a group selected from aryl, heteroacyl and heterocyclyl, where each group is 
optionally substituted by one or more groups independently selected from nitro, 
tnfluoromethyl, trifluoromethoxy, halo, Ci^kyl (optionally substituted by one or more halo), 

20 Ci^alkynyl, heteroaryl, -OR^ cyano, -NRV**, -CONR^R^^ and -NR^COR^^; or B is C2. 
4altenyl or Cz^aDcynyl optionally substituted by Ci^alkyl, Ca^ycloalkyl or heterocyclyL In 
another aspect, when n is 1 and W is NR\ CR^R^ or a bond; or when n is 0 and W is CR^R^; 
B is phenyl, naphthyl, pyridyl, quinolinyl, isoquinohnyl, thienopyridyl, naphthyridinyl, 2,3- 
methylenedioxyphenyl, 3,4-methylenedioxyphenyl, thienopyrimidinyl, pyridoimidazolyl, 

25 benzimidazolyl, benzofuranyl, benzothienyl, indolyl, benzothiazolyl, benzotriazolyl, 
benzisoxazolyl, benzisothiazolyl, indazolyl, indolizinyl, isobenzofuranyl, quinazolinyl, 
imidazopyridinyl, pyrazolopyridinyl, indolinyl, tetrahydroquinoUnyl, tetrahydroisoquinolinyl 
or isoindolinyl, where each is optionally substituted by one or more groups indqpendratly 
selected from nitro, trifluoromethyl, trifluoromethoxy, halo, Ci^kyl (optionally substituted 

30 by one or more halo), C24alkynyl, heteroaryl, -OR^, cyano, ~NR^^^, -CONR^^^ and - 
NR^CX)B}^; or B is vinyl or efhynyl optionaUy substituted by Ci.4alkyl. In another aspect 
when n is 1 and W is NR\ CR^R^ or a bonc^ or when n is 0 and W is OR^R^; B is phenyl. 
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naphthyl, pyiidyl, qumblinyl/isoquiriblinylvthieno 
metl^yleneaioxypheiiyl, 3 

beimmidazolyl, ben;&ofurariyl^;be^ beh^tliiiE^ >triaz61yl 

benzispxazolyl, bCT^dsdthia:^ indazplyl» ind^ i$obien^ jixinazioMyl, 
5 inudazbpyri^ 

or iisoiiidolinyljWl^^ in 
selected iKmitrifluoroinethyl^^t^ tKyl 
ethynyl, cyanp^acetaniido^ It 
piopyibai^ pyrroUdinyl;^^ 1 
10 Ihitoolyl; pyriimd^^ tuted/by 
ethyL in a^fi^^ or a^bon^i^c^ Krai 

inediyiqpiinbl^ 6Hniet^y^^ Ethylt3ueriQ[23- 
fe]pyri<Jj^ S-&eth^ 

15: 1^ 

methyIquinolin-4-yl, 2-methyl^/V^oxoquin6H 
methylquirib^^ 

2,5-difluon)phenyl^^,5-rdifluoro^ >ro-6^fluorpphenyl 
3r-fhipro^T^^ 2t^q^^ 
20 2,4^diGhlor6phenyli 2,6^cUorophenyl,;2^^^ S/^-diineth] Iphehylv 3,5= 

(fimediylphe^ i^^iSrah^ 

bromo-4-flu6rophenyl>\2i4^dic^^ hoxy'4^ 
25 meihjdi)^ 

2-fhior6pheh0;^ 2ychlcM^^ -2f methc^ 



indepeiidratly 
visppropyl, 
inylcacbpnyl, N- 
, oxazplyl,^ 

methyl or 
ills P and Wis 

'ev 

,7^flupro-2- 
yU 5-flubro^2- 
diine^^ 



2-fluoro^mtrophenyl/2-chloro-^ 



Enethox)T[tfi^3^i^ m^2- 



30 2-ji, 3,5-di<ailiMx>j|j^ 
meth3dthi^oP,2r^ 



2-<isoxazbl-5-yl>4-tiifliM umoliii-4-yl, 6- 



cl^^iipth 

1,2. 



2|chIbrb-4- 
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chloio-2r-niefliylquinolin-4-yl. l,6-naphthyridin-4-yi, thieno[3,2-i>]pyrid-7-yl. 5-fluoro-2- 
(i80xazol-5-yl)phenyl, 4-fluoro-2-(isoxazol-5-yl)phenyl, 4-chloro-2-trifluQroinethylphenyl, 2- 
chloro-5-fluorophenyl, vinyl, ethynyl, prop-l-enyl, prop-l-ynyl or but-l-ynyl. In one aspect, 
B is a group selected from Wcyclic aryl, bicyclic heteroaryl and bicyclic heterocyclyl, where 
5 each group is optionally substituted by one or more groups independently selected fix)m nitro, 
trifluoromethyl, trifluoromethoxy, halo, Ci^alkyl (optionally substituted by one or more halo), 
Ca^alkynyl, heteroaryl, -OR^ cyano, -NR'R'^ -CONR'r^" and -NR^COR^'*; or B is Cz- 
4alkenyl or Ci4alkynyl optionally substituted by Ci^alkyl, Cs^jcyeloalkyl or heterocyclyl. In 
another aspects is naphthyl, quinolinyl, isoquinolinyl, tiiienopyiidj^ 2,3- 
10 methylenedioxyphenyl, 3,4-niethylenedioxyphenyl, naphlhyridinyl, thienopyrimidinyl, 
pyridoimidazolyl, benzimidazolyl, benzoftitanyl, benzothienyl, indolyl, benzothiazolyl, 
b^otriazolyl, benzisoxazol}^ benzisothiazolyl, indazolyl, indolizinyl, isobenzofuranyl, 
quinazolinyl, imidazopyriduiyl, pyrazolopyricfinyl, indolinyl, tetrahydroquinolinyl, 
tetrahydroisoquinolinyl or isoindolinyl, where each is optionally substituted by one or more 
15 groups independently selected from nitro, trifluoromethyl, trifluoromethoxy, halo, Ci- 
4alIcyl(optionaUy substituted by one or more halo). C2.4alkynyl, heteroaryl, -OR^ cyano, - 
NR^*^ -CONR^'" and -NR^COR^^; or B is vinyl or ethynyl optionally substituted by Ci. 
4alkyl. In another aspect B is naphthyl, quinolinyl. isoquinolinyl, liiienopytidyl, 2,3- 
methylenedioxyphenyl, 3,4-methylenedioxyphenyl, naphthyiidinyl, thienopyrimidinyl, 
20 pyridoimidazolyl, benzimidazolyl, benzofuranyl, benzothienyl, indolyl, benzothiazolyl, 
benzotiiazolyl, benzisoxazolyl, benzisothiazolyl, indazolyl, indolizinyl, isobenzofuranyl, 
quinazolinyl, imidazopyridinyl, pyrazolopyiidinyl, indolinyl, tetrahydroqmnolinyl, 
tetrahydroisoquinolinyl or isoindoUn^,where each is optionally substituted by one or more 
groups independently selected from trifluoromethyl, trifluoromethoxy, fluoro, chloro, bromo, 
25 mettiyl, isopropyl, ethynyl, cyano, acetamido, propyloxy, isopropyloxy, methoxy, nitro, 
pyrrolidinylcarbonyl, iV-propylcarbamoyl; or B is vinyl or ethynyl optionally substituted by 
methyl or ethyl. In another aspect B is quinolin-4-yl, naphthyl, 2-methylquinolin-4-yl, 3- 
methylnaphthyl, 7-methylquinolin-5-yl, 6-methylquinolin-8-yl, 7-methyUsoquinolin-5-yl, 6- 
methylthieno[2,3-b]pytidyl. 5-methylthieno[3.2-b]pyridyl, 2-methyl-l,8-naphthyridinyl, 2- 
30 trifluQromethylqoinoHn-4-yl, 2-ethynylquinolin-4-yl, 7-chloroquinolin-5-yl, 7-fluoro-2- 
methylqiunoIin-4-yl, 2-methyl-iV-oxoquinoiin-4-yl, 3-methylisoquinolin-l-yl, 5-fluoro-2- 
methylquuiolin-4-yl, 3,4-methylenedioxypheinyl, l-noethylquinolinyl, 7-chloroquinolin-4-yl, 8- 
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,2- 



(dp^oiiatily substil uted ?by 



chloroquinolin-4-yl, 6-chIoroquinoIin-4-yl» 5-methylthien6[23-4pyrimidiii^yl 
methylthieno[3>2-4]pyriitudin-4-yl, 8-fluoroqinnolin-4-yl,:6-fluprb^^ -4-yl 
methylquinoUh-4-yl v^K;iUpro-2-methyI^^^^ 

^pyrid-7-^, vinylf ettiynyl; prop-1-efiyi;, pix^l-ynyl but-lrynyl. la ano ther 
5 group selected from aiyl and heteroaryl wl^eiie each git>up i optibi^lly sub stituted 
more groups inde^£Neni^ 

more hsdo), hi^^ la m6&^ 

quinolinyl, pyrid)^ and 

methyl, trifluoromethylj tri Ih a further 

10 methylquinolin-4-yii 2:i5rdimethyl^ 2^-diihethylpyiW^ In yet 

2-methyIqumoIm^ 

Ihoneaspect of Ihein^ fii another 

hydrogen. 

In one aspect ^Ihe 
15-hydrb^n....-v, 

/: ^ crtie^^peet pfc 
another aspa^t R? is hydrogen. , ^ 

indhe aspedt of t^ 
■•■'•^hydrogen. 

2i&^ In erne asp^of the m In 

hydrpgsai.- 

; in^e aspefc^c^^ 

■;^^drpgjMv^|y ■ y-r 

^25 ^ caibpn to whiclv tl^ 
optiotidljf^coni^^ 

the ring is pptiOTaMy siib^^ jGiJ^al^ aspec t 

tdgethea: wiffi the riitrdgen or ciurbph and tor which they a^^^^ jly 

piperidineipycroUdiiie, p^i^^ 
30 In bne^afipect of flii^^ aiid 

ring optionally containing^l or 2 heterbatoin jgroup 
where the ring is optionally^ substituted by one rnpre d^eSkyl. 



^thiend[3,2- 
aspectBisa 
l|by bneor 
one or 
fctjm 
one CMT more 
ispect B is2- 
another aspect B is 

aspect is 



IS 



anothq: aspect 



sntai e 



QT^phehylv In 
aspectR-is 
another aspect R^ is 



R^is 



ibaeiiLbered 



carbon and 
ring 
^dS02 where 
R' and R^ 

iittis^B^ 
riiig. 

ib7-memberBd 
SQandS02 
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In one aspect of the invention and R* together fonn a saturated 3- to 7-membered 
ring optionally containing 1 or 2 heteroatom groups selected from NH, O, S, SO and SO2 
where the ring is optionally substituted by one or more Ct^alkyl. 

In one aspect of the invention R"^ is hydrogen or a group selected ftom Ci-talkyl, C3. 
5 scycloallcyl, aryl, heteroaryl or heterocyclyl where the group is optionaUy substituted by 
heterocyclyl. aiyl and heteroaryl; and wherein the group from which R' may be selected is 
optionaUy substituted on the group and/br on its optional substituent by one or mote 
sttbstitutents independently selected from halo, cyano, Ci.4alkyl, -OB?\ -CChB^\ - 
NR^'C0R22, -NR2^O02R^and-C3ONR"R^. In one aspect R'' is hydrogen or a group 
10 selected from Ci.4alkyl, Ca-scycloalkyl, aryl, heteroaryl or heterocyclyl where the group is 
optionally substituted by heterocyclyl, aiyl and heteroaryl; and wherein fte group ftom which 
R may be selected is optionaUy substituted on tiie group and/or on its optional substituent by 
one or more substitutents independentiy selected from halo, cyano, Ci.4allqfl, -OR^\ - 
C02R^', and NR^'COzR^^. In another aspect R'^ is hydrogen ot a group selected ftom Ci. 
15 4alkyl, arylC,^alkyl, heteroarylQ^alkyl, heterocyclylQ^aUcyl, aryU heteroaryl, heterocyclyl 
and C^scycloaUcyl where tiie group is optionaUy substitiited by cyano, d^kyl. halo, -OR^\ 
-NR=''R2^-CX)2R«and-^IR«C02R22. In a further aspect is selected ftom hydrogen, 
methyl, etiiyl, propyl, isopropyl, cyclopropyl, butyl, terf-butyl, isobutyl, 1-hydroxyethyl, 2- 
hydroxyethyl, 3-hydroxypropyl, methoxymethyl, 2-methoxyethyl, 2-cyanoetiiyl, 2-aminoethyl, 
20 phenyl, pyridyl, benzyl, S-methylbenzjd, phenylethyl, 4-chlorophenylethyl, 4- 
fluorophenylethyl, phenylpropyl, 4-chlorophenylpropyl, 4-fluorophenylpropyl, 4- 
metiiylpiperazin-l-yletiiyl, morpholin-4-ylpropyl, pyrimidin-2-yletiiyl, pyrimidin-2-ylpropyl, 
pyrimidin-2-ylbutyl, 5-fluoropyrinudin-2-ylpropyl, imidazol-l-ylpropyl, imidazol-l-ylbutyl, 
13,4-triazolylpropyl, piperidinyl, tetrahydro-2H-pyranyl, tetrahydro-2H-pyranylmetii>l, pyrid- 
25 2-yhnethyl, pyrid-4-ybnetiiyl, pyrid-3-yhnethyI, pipeiidin-4-ylmetfiyI, N-(<e«- 
butoxycarbonyl)piperidin-4-yl, rm-butoxycarbonylaminooK«hyl, N- 
(metiiylcarbonyI)piperidin-4-yl), benzyloxyethyl, N-(tert-butoxycaibonyl)piperidin-4- 
yhnettiyl, (3,4,4-ti3mediyl-2,5-dioximidazoUdin-l-yl)methyl and N-benzoyl-N- 
phenylaminometfiyL In a further aspect R*' is hydrogen or Q^aUcyl optionally substituted 
30 witii halo, hydroxy or C,.3aUcoxy. In yet another aspect R' is hydrogen, methyl or etiiyl. 

In one aspect of flie invention R^ and R'' together witii flie caibon atoms to which tiiey 
aie each attached and (CR^\ fwm a saturated 5- to 7-membered ring optionaUy containing 
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a heteroatom group selected from NH, O, S, SO and SG2 where the ring optionally 
substituted on carbon or nitrogen by one ormore GMalk)^. In anothei: asj^ect and 
together with the cai^^ atoms to which they ace each attached and (GR^ L^X form a 
piperidinyU pyrrotidihyl> pipera^ morphdline^ cyclohexane or cyclopei itane ring. 

Jn one aspect Of the inventipn is hydrogen or methyl, in anothi^ aspect BL^ is 
hydrogen* 

In one as]^iBfct?R? is hydrogen or methyl. 
!bi one aspciidt^^^ is hydrogen or methyl, 
ii one asp&t R^ ^ is betfayl. 
In one iaspect R is hydrogen or methyl. 
In one aspei?t|t?^is hydnpgen or methyl. 
Inoiie'aspe^ 

OErliii^ op nciethyL 

in^e itei^?^ 
• ■ MprieaSp^^ 

4alkyl which group is optionally sub^ 

from nielhj^^^^ In one aspect 

of the invention Rv is ihetfiyl. 

In one aspect of the invention R^^ is hydrogen or a group selected fie om CMallq^l, aryl 
and^ylC]i.4l^^ qpti^ fiiianbthier aspect R^^ is 

hydr^^ braT^d which finn^ 

iMbstitu^ 

In :Mei iaSp«?ii|^ 

Iri 

ito one aisi^^ll^ is hy^ogen^n^^ tertjbnty):^ phenyl and Ijehzyl. InHmoliiqr 

aspect R^^is^^ 

in one aspect of Re invention R?^ and R^ 
haloCi!4allcyl.:ar5ii;^^ 

In one aspept of the invention R^ is a group select^ £|nom Ci.6B^ 



^aij^ vising 

is a group selected 



\s optionally 



aiyl and arylCi. 

4allo4 wUch grqupli^ optionally substituted by halo. In ariottier aspiect R^ i^ a group selected 
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fcom methyl, phenyl and benzyl which group is optionally substituted by chloro. In one aspect 
of the invention is methyl. 



A preferred class of compound is of formula (1) wherein: 
5 and are both O. 
zisJNR*; 

n is 1 and W is NR\ CR^R^ or a bond; or n is 0 and W is CR^R^; 
m is 1; 

D is hydros methyl or fluoro; 
10 Xis-^"R«^,-Q-CR»V^-,-<::R'*R»3.<j_CRi^^^^ 
Q is O; 

B is a group selected from aryl, heteroaryl and heterocyclyl, where each group is optionally 
substituted by one or more groups independaitly selected from nitro, ttifluoromelhyl, 
trifluoromethoxy, halo, cyano, Ci.4alkyl (optionally substituted one or more halo), CMalkenyl, 
15 heteroaryl, -OR*, -NR -CONR^^" and -NR'COR"; or B is C2.4alkenyl or Cz-^kynyl, 
optionally substituted by Ci.4allcyl, Cs^ycloalkyl or heterocyclyl; 
R^ and R^ are independently hydrogen or Diethyl; 
R^ is hydrogen, methyl, ethyl, propyl or phenyl; 

R*» R^, R*. R', R^ R*", R^^ R", R**andR*^ are ind^radoitly hydrogen ot methyl; 

20 R' is hydrogen or a group selected from Ci.4alkyl, Ca-scycloallcyl, aiyl, heteroaryl or 

heterocyclyl where the group is optionally substituted by heterocyclyl, aryl and heteroaryl; and 
whraein the group from which r"' may be selected is optionally substituted on the group 
and/or on its optional substiment by one or more substitutents independratly selected from 
halo, cyano, C^alkyl, -OR^*, -COzR^S -NR^^COR^^, -NR^^COaR^ and-C01^2ij^22. 

25 R-* is hydrogen, methyl, ethyl, phenyl or benzyl; 

R^ is hydrogen, methyl, ethyl, ;ert-butyl, phenyl or benzyl. 

Another preferred class of compound is of formula <1) wherein: 
and Y*aie both O; 
zisNR'; 

30 n is 1 and W is NR^ , CR'R^ or a bond; or n is 0 and W is CR}B.^; 
mis 1; 

D is hydrogen, methyl or fluoro; 
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X is>^^^"-Q-, ~Q-CR^ V^-, ^CR^^R'^-Q-CR^^^^-- or Q; 
QisQ; 

B is phenyl, naphtHj^,^yridyl, quinoUi^ thienopyddyl, n^j^ith^ 23- 

nxethylenedioxyphehyl, 3,4^-ihethylenedioxyphenyl, th idoimidazolyl, 
5 benzmiidazolyl, benio 



braaspxazolj^^^^ iiidtolizinyl, isobeiazofuranyl, 



iimidazQ^^ indbUitiyl, tetrahydib lycbpisoquinolinyl 

or i^bitUfcdln^ indepibii^^ 

selectisd frdin ti^Uoi^ ftuoip^ chliot^, b^xho, ni< '^yh isopiopyl, 

10 efliyj^ isopiop^pxyin^ nibx), pycrol] dinylcaiiiqnji, 

pKip^lcBd^bm^ yh o^fcazolyl, 

fliiiiaiM)^, pj^^ vir^l <* ethynyl opticHially siibsl ituted by nietfiyl or 



qiunazplinyl. 



R-aiidR^ 

15 R? is hydrogen^ methyl, ethyl, propyl or phenyl; 

R^ R^ R^ R^ R^^ R^^ R^^^ and R^^ are indeperidenfly hydrogen or methyl ; 
R^ is hydrogen or a group selected froin Ci-4alkyl, arylCi^alkyl, heteroaryl [Ili^aUcyl, 
heter6cyclylCiJialiyl/aryl;^^^h^ is 
optionally substituted by cyand, Gi-4alkyl, halo, -OR^', -NR^^R^^, 



iy^iisfayd^ 

. Another preferred cli^^^ 

25 'i^is^; % 

misl; '* ■;■ ' ^"^ ^ ■ ■ - . v- .-V"-/^ 

D is li>^ge«, in^^ fluoro; 
30 Xis-^*^'^-<3b» -<K^ 

QisO; . 



and — 
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B is a group selected from bicyclic aryl, bicyclic heteroaryl and bicyclic heteiocyclyl, where 
each group is optionally substituted by one or more groups independently selected from nitro, 
tiifluoromethyl, trifluoromethoxy. halo, cyano, Ci^alkyl (optionally substituted by one or 
more halo), Cz^alkenyl, heteroaryl, -OR'. -NR*^'", -CONR'R^" and -NR'COR^**; or B is Cz. 
5 ^alkenyl or CMalkynyl, optionally substituted by Ci-»alkyl, Cs^cycloalkyl or heterocyclyl; 
R* is hydrogen; 

R^ is hydrogen, methyl, ethyl, propyl or phenyl; 

R*. R', R', R^^ R", R^^, R^* and R" are independentty hydrogen or methyl; 
R' is hydrogen or a group selected ftom Ci^ialkyl, arylCIu^alkyl, heteioarylCi^alkyl, 
10 heterocyclylCi^alkyl, aryl, heteroaryl, heterocyclyl and Ca-scycloalkyl where the group is 
optionally substituted by cyano, Ci^alkyl, halo, -OR^', -NR^^R^, -CC>2R^* and- 
m^^COzR^; 

R^' is hydrogen, methyl, ethyl, phenyl and baazyl; 
R^ is hydrogen, methyl, ethyl, phenyl, ferf-butyl and benzyl. 
15 Another preferred class of conipound is of formula (1) whemn: 

Y' and are both O; 
zisNR'; 
n is 0 or 1; 

W is MR*. CR^R^ or a bond; 
20 misl; 

D is hydrogen, methyl or fluoro; 

X is -CR^2^"-Q-, -Q-CR"^^5-or-CR'^R'5-Q-CR»'^'5-; 
Qis O; 

B is 2-methyIquinolin-4-yl; 
25 R' and R^ are independently hydrogen or methyl; 
R' is hydrogen, methyl, ethyl or phenyl; 

R*, R^ R*, R\ R", R", r'* and R" are independently hydrogen or methyl; 

R^ is hydrogen or Ciwia]kyl optionally substituted with halo, hydroxy or Ci.aalkoxy. 

In another aspect of the invention, pre£»ied compounds of fee invention ate any one 

30 of: 

5-[({4-[(2,5-^methylben2yl)oxy]piperidin-l-yI}sulphonyl)methyl]-5-naethyKmida2ol^ 
2,4-dione; and 
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5-[({4-(2-methylquinolin-4-ylmethoxy)piperidin-l-yl}sulphonyl)m^ 
niethyliixudazolidine-2,4-dione. 



cne 



of: 
hyl]-5- 



th) l]imidazolidine-2,4- 
^thyl } imidazolidine- 



In anoth^ aspect of the invention, pieferred compounds are any 
5 R/S-5-[({4-<2-niethylquinolin-4-ylmethoxy)piperidin-l-yl}sulph^ 
methylimidazoIidine-2,4-dione; 

5-[2-( { 4- [(2-methylquinolin-4-yl)inethoxy]piperidin- 1 -yl } sulphonyl)e 
dione; 

5- { 2-[(4- { [(2-methylquinolin-4-yl)oxy]methyl }piperidin-l-yl)sulphonyl] 
10 2,4-dione; 

5-methyl-5-{ [(4-{ [(2-methylquinoIin-4'yl)oxy]methyl}piperidin-l 
yl)sulphonyl]methyl }imidazolidine-2,4-dione; 
5-^thyl-5-[({4-[(2-niethylquinolin-4-yl)niethoxy]piperidin-l- 
yl }sulphonyl)metliyI]imidazoIidine-2,4-dione; 
15 5-methyl-5-[2-({4-[(2-methylquinolin-4-yl)niethoxy]piperidin-l- 
yl } sulphonyl)ethyl]iinidazolidine-2,4-dione; 
5-ethyl-5-[2-({4-[(2-methylquinolin-4-yl)methoxy]piperidin-l- 
yl } sulphonyI)cthyl]iinidazo]idine-2,4-dione; 

(5S)-5-methyl-5-{4-[(2«methylquinolin-4-yl)niethoxyinethyl]piperidylsu 

20 dioxoimidazolidine; and 

(5S)-5-^Ayl-5-{4-[(2-methylquinoUn-4-yl)niethoxymethyl]piperi^^ 

dioxoimidazolidine. 

In another aspect the present invention provides a process for the 

compound of fomiula (1) or a phannaceutically acceptable salt or in vivc 
25 thereof which comprises: 

a) converting a ketone or aldehyde of formula (2) into a compounc 



(0), O. ,0 p Hydantoln (D)„ O O "^J^ HtT ^NH 



ft>rmiila(2) 



fonTiula(l) 



Scheme 1 



and thereafter if necessary: 



phonylmethyl}-2,4- 

2,4- 

preparation of a 
hydrolysable ester 



of formula (1); 

I. 



wo 2004/024698 PCT/GB2003/003937 




i) converting a compound of formula (1) into another compound of formula (1); 

ii) removing any protecting groups; 

iii) forming a pharmaceuticaUy acceptable salt or in vivo hydrolysable ester. 

The hydantoin can be prepared by a number of methods for example; 
5 a) The aldehyde or ketone may be reacted with ammonium carbonate and potassium 
cyanide in aqueous alcohols using the method of Bucherer and Bergs (Adv. Het. Chem., 1985, 
38, 177). 

b) The aldehyde or ketone can be first converted to fee cyanohydrin and then furthoc 

reacted with ammonium carbonate (Chan. Rev, 1950, S6, 403). 
10 c) The aldehyde or ketone can be converted to the alpha-amino nitrile and then either 

reacted with ammonium cailwnate or aqueous carbon dioxide or potassium cyanate followed 

by mineral acid (Cliem. Rev, 1950, 56, 403). 

The process may further comprise a process for the preparation of a ketone or aldehyde 

of formula (2) where W is a bond and n is 0 (indicated as a confound of formula (2*)) which 
15 process comprises reacting a sulphonamide of formula (3) with a compound of foimula (4) 

where LG represents a leaving group such as halo, alkoxy or aryloxy. 

formula (3) formula (4) fomujla(2*) 

Scheme 2 

This process comprises the reaction of the sulphonamide of formula (3) with a base such as 
20 lithium bis(trimethylsilyl)amide or lithium diisopropylamide in an inert solvent such as 
tetrahydrofuran attemperatures from -78*C to 0*^: for 1 to 2 hours followed by addition of a 
compound of formula (4) at a temperature of -78^ to room temperature for 1 to 24 hours. A 
compound of formula (4) is commercially available or can be easily prepared by the skilled 
man. 

25 A ketone of foimula (2') may additionally be prepared by the process illustrated in 

Scheme 3: 
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fornnte (28) 



TMS-GN ™S<V,CN 
A 



TMSQ 



beiwisaoid 




formula (2^ 



R4 >R3 

formula (30) 




0 0 



CISO, 




JHOSQ 

Chlorin^tiiPig 




foi|inula:(32) 



R3 

fbrrntda (33) 
ScbMpe 3 

The silyl group present in fee 00) can be removed &y 

tetrabutyIainmoni& fl Suitable leaving groups halo, m^y] and tosyL A 

5 suitaWe chlcdnati A comiK>i^ 

by rejfetiiig ilie c<^^ i^prdfrn ?^pQt A 

compound pffbrit^ ayi[^blp or ii^by the-s^^ 

. pecsbn^. 

AI^^ ^dehyde bf formula (2) 

lot /Where W is a^bM mi^^es reactiiig a 

sulphohaMde of ^f^^ (^) with a compos^ (an ejk^ade or eqiiiyalent) to 

give an acohbl o^^ff^^ give alcetphe or^sjdehyde of 

fornuilajp^: , a 





(P)m Piv^ 
ISI 



RS 




fbnmild:$i[3) 




formula 



formula^ 





HO 



(5) 
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Scheme 4 



More specifically the process of Scheme 4 comprises the steps of; 

a) reacting the sulphonamide of fonnula (3) with a base such as lithium diisopropylamide 



or lithium bis(trimethylsilyl)amide in tetrahydrofuran at a temperature of -TS"^ to 0°C for 1 to 
5 2 hours followed by addition of an epoxide or equivalent of fomiula (5) and reaction for 1 to 
24 hours at a temperature of -78^C to room temperature to give an alcohol of fomiula (6); and 
b) oxidation of an alcohol of formula (6) to a ketone or aldehyde of formula (2"), suitable 
reagents are manganese dioxide^ pyridinium chlorochromate, pyridinium dichromate or 
dimethyl sulphoxide/oxalyl chloride/triethylamine. 

10 The epoxide or equivalent of fonnula (5) is commercially available or can be easily prepared 
by the skilled person. 

In another aspect of the invention there is provided a process for the preparation of a 
compound of formula (1) where W is NR\ is hydrogen and n is 0 (indicated as a 
compound of formula (1*)) which process comprises reaction of a sulphamoyi chloride 

15 derivative of formula (7) witti an amino-hydantoin derivative of fommla (8), 



Suitable reaction conditions for such a transformation involve the addition of the sulphamoyi 
chloride to the amino-hydantoin in an inert solvent such as dichloromethane in the presence of 
20 a base such as triethylamine, pyridine or NJM-diisopropylethylamine at temperature of OPC to 
50^C. 

Also provided is a process for the preparation of a hydantoin of fonnula (8) as shown 
in Scheme 6: 




Scheme 5 
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formula (8) 



Scheixb6 



fornnl aj(11) 



a) reacting dibenzylamiiie with a halo ketoh^ or aldehyde (where X is halo) of formula 
5 (9) in an inert solvent such as tetrahydirofurian or dichloipifiethra^ pr ssence of a base e.g 
tridiiijda^ a prbtecte^^ani& i^orie 6r aldehyde 

of ficMirm 

^ V ■ Jb) ^ re^ hydantoin formation cpnditiGjns to give a 

liyda^ 

hydahtoiii of formula (8). 

t^the^s^^ 

Also provided is a pxpi^ 
15 a^ shown in Schen^ 7: 





(PL 

W CI 




fomnjla 



to yield a 
;i^e prepared easily 



m 



an iheit sdlveiit in Ae^p^^ of a bas^ suc^ as tiethyla^ 
20 A pipendine of formula (12) is coimneaccially available or can be easily pr^ )areci by the skilled 
person. 
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Also provided is a process for the preparation of a compound of formula (1) where W 
is NR\ r' is hydrogen and n is 1 (indicated as a compound of formula (1")) which process 
comprises reacting a sulphamoyl chloride derivative of formula (7) with an amino-hydantoin 
derivative of formula (13). 

(D)„ O. ,0 Pir .0 ^ 



B 



formula (7) fwrntda (13) formula (l") O 



Scheme 8 

Suitable reaction conditions for such a transformation involve the addition of the sulphonyl 
chloride to the amino-hydantoin in an inert solvent such as dichloromethane in the presence of 
a base such as triethylamine, pyridine or N J^-diisopropylethylamine at temperature of (TC to 

10 sok:. 

Also provided is a process for the preparation of a hydantoin of formula (13), where 
is hydrogen as shown in Scheme 9: 



R3 pjz p 




R5 

b 

foifniJla(15) lonnula(16) toniiute{13) 

Scheme 9 

15 Hie process of Scheme 9 comprises the steps of: 

a) reactinganenoneoffonnula(14) with phthalimide in the presence of sodium 
methoxide in an polar solvent such as dimethyl sulphoxide to give an N-substituted 
phthalimide of formula (15); 

b) forming of the hydantoin of formula (16) using e,g; ammonium carbonate and 
20 potassium cyanide in aqueous alcohols; and 

c) removing the phthalimide residue e.g. by reacting with HCl in acetic acid to yield a 
hydantoin of formula (13). 

An mone of formula (14) is commercially available or can be easily prepared by the skilled 
person. 
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Li another aspect of the invention, there is^pirovided a process^^ f^^ le preparation of 
compounds pf fonnula (3) (see Scheme 2 and 4) which process is butliiie^ in Scheme 10 and 
comprises; 

a) reacting a compound of formula (16) vvilh a cpmpound of fonnula (17) in the presence 
5 of a base to dleiprptonate^ the coimpourid of fbnhula yi^d a conipcm nd of formula (18); 

b) rienibying jtoe p^ (PG);&bm the compound of fdiiiiu]^^^ ^eld a 
compound bff^^ 

c) rjMicting the cornpoimd of fo (19) with a suitable reagent to y|eld a compound of 
fonnula (3); ' /■ 




PQ 



10 



HX 

fMiiiiiJla (16) formiila (17) 



^innuia (18) 




(PXn 



Br 



formula (19) 
Scheme 10 

Jn Scheme 10: L is a suitable leaving group such as halo (chloro» bromo, iddo), mesyl, tosyl; 
a compound of formula (17) can be deprqtonated with a base such as sodium hydride^^ lithium 
diisopropylamide, butyilithium, liMiun bis(bimethylsilyl)ariiide and reacted with a compound 

15 of fonnula (16),at temperatures ranging from -78**C to70*^C in an aprotic s|olvent» e.g. 
tetrahydrofuran under argon; suitable protecting groups (PG) include Boc (tert-^ 
butoxycarbGnyl)v eBz (carbonyloxybenzyl) groups and mesyl or an other ^^^^ 
the case where PG is aIkylsulphonyl> reaction of formula (16) and formula ;i7) directly 
produce a compoundof formula (3); a compound of formula (18) can be converted to a 

20 coiQpound of formula (19) by treatment with acid (Boc) or hydrogen/ palla( iium (CBz); a 
corhpound of formula (19) can be converted to a cont^ with 

' an allcylsupfaonyl chloride in t^^^^ vent such as 

dichloromethane. . 

A compound of formula (3) can ali^'be prepsd:ed 1>y a p outlined in SchCTie 

25 11, which.comprises; r 

a) reacting a compound of formula (20) with a comi)ound of formula (^1), in the 
presence of a base to yield a compound of formula (18); 

b) removing the protecting group (PG) fromtthe coibpound o^ to jrfeld a 
compovtnd of formula (19);, 



(P)rn 




foiTnula(3) 
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c) reacting the compound of fonnula (1 9) with a suitable reagent to yield a compound of 
fomiula (3); and 

d) oxidising Q as required. 

formula (20) formula (21) formula (18) formula (19) ^^axt^s, (3)"^ 

5 

Scheme 11 

In both schemes 10 and 1 1: L is a suitable leaving group such as halo (chloro, bromo, iodo), 
hydroxy, mesyl, nosyl and tosyl; suitable bases to deprotonate compounds of formula (17) 
and fonnula (20) include bases such as caesium fluoride, sodium hydride, lithium 

10 diisopropylamide, butyllithium and litiiium bis(trimethylsilyl)amide; suitable reaction 

conditions for step a) are temperatures ranging from — 78^C to 7(fC and in aprotic solvent, e.g. 
tetrahydrofuran under argon; suitable protecting groups (PG) include Boc (fert- 
butoxycarbonyl), CBz (caibonyloxybenzyl) groups and mesyl or another alkylsulphonyl; in 
the case where PG is alkylsulphonyl, reaction of formula (16) and (17) and of fonnula (20) 

15 and formula (21) directly produces a compoimd of formula (3); a compound of fonnula (18) 
can be converted to a compound fonnula (19) by treatment with acid ^oc) or hydrogen/ 
palladium (CBz); a compound of formula (19) can be converted to a compound of fomiula (3) 
by treatment with an alkylsuphonyl chloride in the presence of a base such as pyridine in a 
solvent such as dichloromethane; and when B is aromatic, X is O and L is OH, Mitsunobu 

20 conditions can be used to form a compoimd of fonnula (18), i.e. a compound of formula (16) 
or fonnula (20) is reacted with a mixture of diethyl azodicarboxylate or 
diisopropylazodicarboxylate and triphenylphosphine and formula (17) or formula (21) to give 
a compoxmd of formula (3). 

Compounds of fonnula (16), (17), (20) and (21) are commercially available or can be easily 
25 prepared by the skilled person. 

In another aspect of the invention, a compound of formula (1) can be prepared by a 
process which comprises; 

a) reacting a sulphonyl chloride of formula (22) with a piperidine derivative of formula 
(19) (see scheme 10 or 11 for its preparation). 
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1. 




fornula(1) 



SchexDe 12 



i) cdrivertiiig a^ppmpouhd of another compound of foi caula (1) 



iii) fbnmng a phaim^^^ salt or in vrvio hydrblysable i jster, 



The sulphohyiicWori^ may be prepared as shown in scheiae 13; 



10 



-.i-/'.- 





? 

NH 



chlorJrte Q 
oxidailon - D 



o 



:fofmuIa;(23) 
Schenab 13 

Gompou 

Details of boniitiirasj s sdieine 1). 



15 



It vdU^be app^ various ring substittiente 



fc^ov^^ 




pe con)pounds of 
or 



mventicni. 
20 substituentbymeans^pf^ 



;^^for exkiiS^^ on oCa 

y ^ui^i^^ 3tuQnt8» 



proc^chjxes^^ itic sub^tution 



intooduction of an a^^ L6wi$ a end (such ais 

25 aluminium trichlbna^) under Friedel Crafts conditions; die intioduction of a n alkjd group 
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using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts 
conditions; and the introduction of a halogen group. Particular examples of modifications 
include the reduction of a niteo group to an amino group by for example, catalytic 
hydrogenation witti a nickel catalyst or treatment with iron in the presence of hydrochloric 
5 acid with heating; oxidation of alkyltWo to alkylsulphinyl or alkylsulphonyl. 

It will also be appreciated that in some of the reactions mentioned herein it may be 
necessary/desirable to protect any sensitive groups in the compounds. The instances where 
protection is necessary or desirable and suitable methods for protection are known to those 
skilled in Ae art. Conventional protecting groups may be used in accordance with standard 

10 practice (for illustration see T.W. Green, Ptotective Groups in Organic Synthesis, John Wiley 
and Sons, 1991). Thus, if leactants include groups such as amino, carboxy or hydroxy it may 
be desirable to protect the group in some of tiie reactions mimtioned herein. 

A suitable protecting group for an amino or alkylamino group is, for example, an acyl 
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a 

15 methoxycarbonyl, ethoxycarbonyl or ^er^-butoxycarbonyl group, an arylmethoxycarbonyl 
group, for example benzyloxycarbonyl, or an aroyl group, for example benzoyl. The 
deprotection conditions for the above protecting groups necessarily vary with the choice of 
protecting group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl 
group or an aroyl group may be removed for example, by hydrolysis with a suitable base such 

20 as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alt^natively an acyl 
group such as a r^rt-butoxycarbonyl group may be removed, for example, by treatment with a 
suitable acid as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic add and an 
arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for example, 
by hydrogenation over a catalyst such as palladium-on-catbon, or by treatn^t with a Lewis 

25 acid for example boron tris(trifluoroacetate). A suitable alternative protecting group for a 
primary amino group is, for example, a phthaloyl group which may be removed by treatment 
with an alkylamine, for example dimethylaminopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 

30 arylmethyl group, for example benzyL The deprotection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
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10 



a suitable base such as an alkali metal iiydroxide^^^^f^^^^^ lithium oi^ sodium hydroxide. 

Alternatively an arylinethyl g^ ?s a benzyl group tnay be re by 

hydrpgeiiatioh over a catalyst such as 

AsuitabletprotectinggroAip*^ 4^ esterifying group, 

for example a methyl or ah ethyl group which tnaj^^ hydrolysis 
with a ba^ such a^ sodium hyc^^ be 
reniqved^ fo^ for exanip as 

tn£iw>ro^^ b$»3^^ re)di^^ ibr exautnple; by 

hydrdlgehatipn over a cajtiUyst such s^^^ 

ilieprote^hg^^^ 
conventiG^teq^ 

As stiuac^^ in the j^s^ invehlion pos$ess€» 

metiilqpi^^ This 
: C^Pperty 

is Isolated Enzvm^ Assays ■-.:v;: -:^''k>^?:^ ■■^v;.^- ■ 

■A' ^fl^trix Metallobroteihase fan^l V^^^ for example MMP13;; 

Recombinant human proMKlP13 may be expressed and purified ak described by 
" Knaupcx et oL ^yBk^^ 
The purified eriirjqn^ can iriohitorinhibit^ foUpws: pim^ 

20 proMMP13 is activated using IniM anuno phenyl niercuric^d (AP^ 

tite-#ctiyat^ buffer 
(0.1M tris-HCl> pH 7-5 containing O.IM NaGl, 20mM iq^^ 
(w/yyi^^ the syntii^ 



Lam 

tlie:fluoresc6nce at 



yl)icetyl J>rpJjei^ 
25 :thepipseiK»^ 

A^x 32Sn]it^ ]^»cdfit ihhil^^ ^9 itiiubiticn is^equal 

tb the jj^^ i^P^cenceiniiinsjiiiiii^ 



insta ice 



A siicmlar pro^^ can bef used^ and::puriiied pro 

30 substrates andbirffi^ 

a GndiamKnight^ro/., (1902yi^ 

Adamalvsiri family induding for example TOOF cohvertase 



MhSPs using 
as described in 
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The ability of the compounds to inhibit proTNP-a convertase enzyme (TACE) may be 
assessed using a partially purified, isolated enzyme assay, ttie enzyme being obtained from the 
membranes of THP-1 as described by K. M. Mohler et aL, (1994) Nature 370:218-220. Hie 
purified enzyme activity and inhibition thereof is determined by incubating the partially 
5 purified enzyme in the presence or absence of test compounds using the substrate 
4^5-Dimethoxy-fluorBsceinylSerJ^JLeu.Ala.Gln.Ala*Val.Arg.Ser.^ 
succinimid-l--yl)-fluorescein)-NH2 in assay buffer (50mM Tris HCl, pH 7.4 containing 0.1% 
(w/v) Triton X-100 and 2mM CaCltX at 26**C for 4 hours. The amount of inhibition is 
determined as for MMP13 except Xex 485nm and Aem S38nm were used. The substrate was 
10 synthesised as follows. The peptidic part of the substrate was assembled on Hnoc-NH-Rink- 
MBHA-polystyrene resin either manually or on an automated peptide synthesiser by standard 
methods involving the use of Fmoc-amino acids and O-benzotriazoI-l-yl-NJ^J^'J^*- 
tetramethyluronium hexafluorophosphate (HBTU) as coupling agent with at least a 4- or 5- 
fold excess of Fmoc-amino acid and HBTU. Ser^ and Pro^ were double-coupled. The 
15 following side chain protection sfcrategy was employed; Ser^(But), Gln^(Trityl), Arg**^^(Pmc or 
Pbf), Sei^*^^*^*(Trityl). Cys^^(Trityl). Following assembly, the N-tenninal Fmoc-protecting 
group was removed by treating the Fmoc-peptidyKresin with in DMF. The amino-peptidyl- 
tesin so obtained was acylated by treatment for 1.5-2hr at 70'*C with 1.5-2 equivalents of 4\5 - 
dimethoxy-fluorescein-4(5)-cart)oxylic acid [Khanna & Ullman, (1980) Anal BiodienL 
IQS: 156-161) which had been preactivated with diisopropylcarbodiimide and 1- 
hydroxybenzotriazole in DMF]. The dimethoxyfluoresceinyl-peptide was then simultaneously 
deprotected and cleaved from the resin by treatment witti trifluoroacetic acid containing 5% 
each of water and triethylsilane. The dimethoxyfluoresceinyl-peptide was isolated by 
evaporation, trituration with diethyl ether and filtration. The isolated peptide was reacted with 
4-(N-maleiraido)-fluorescein in DMF containing N J^-diisopropylethylamine, the product 
purified by RF-HPLC and finally isolated by fneeze-drying finom aqueous acetic acid. The 
product was characterised by MALDI-TOF MS and amino acid analysis. The compounds of 
this invention have bee found to be active against TACE (causing at least 50% inhibition) at 
SOfJtm and ate preferably active at 10\xm. In particular, compound 3 caused 50% inhibition at 
630nM. 
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(1999) Journal of Biologicj il Chemistryi 



Natoral Substrates 

The activity of liie compounds of the invention as inhibitors of ag^can degradation 
maybe assayed using methods for example based disblosures of E. 

(1998) Osteoarthritis and CirtilagQ 6:214-22^ 
5 fIO\ 659476601;and the antibodies described therein. The potency jof c6i4pourids to 
inhibitoi^agains^ can l^e det^^ by T 

(1979) ^il^ Bioci^^ K - 

Irihibition of metaitoprb^ 



Arherero/., 
• 274 
act as 



Cdwston and A; Barrett 



T^vaisjajr to iiiiilbit irieini>^^ siich aslTOjF cbnV^ se 



10 



lTn^rprc^^ oeUs u$mgv£^^ 

essenfialFj^ja^^ 
tiie procbssing c^^^^ 

a/. , (1997) Bioch J. 



15 



invasipnji^ ma^^ be :^aiu:€nr fieiseiarch 



20 T^t a^ an aig^ 



ion is assessed 

inahumah^^ of 
heipatim^^^ voluniteers, was added to Ae^plate and 

inctiKBrti^i^^ niate;^peniciUin, 



25 str^?to^^ 

incubirtxir^ pn ctf 2p(il iPS;^ Each 



(2000rpm lor 1() iii^ ),piMnia harvested (50-l(i^^ and stor^ ^ 
30 70°C before subsequent analysis for TNP-a concMtration by ELISA. 
Test as an agent to inhibit in vitro cartilage degradation 



a similar fashion 



^centnfuge^ 
96 well plates at 
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The ability of the compounds of this invention to inhibit the degradation of the 
aggrecan or collagen components of cartilage can be assessed essentially as described by EL 
M. Bottomley et al., (1997) Biochem J. 323:483-488. 
In vivo a^essment 
5 Test as an anti^TNF agent 

The ability of the compounds of this invention as in vivo TNF-a inhibitors is assessed in the 
rat Briefly, groups of female Wistar Alderley Park (AP) rats (SO-lOOg) are dosed with 
compound (5 rats) or drug vehicle (5 rats) by the appropriate route e.g. peroral (p.oO> 
intraperitoneal (i.p.), subcutaneous (s.cO 1 hour prior to lipopolysaccharide (UPS) challenge 
10 (30|igft:at i,v.). Sixty minutes following LPS challenge rats are anaesthetised and a terminal 
blood sample taken via the posterior vena cavae. Blood is allowed to clot at room temperature 
for 2hours and serum samples obtained. Hiese are stored at -20"^ for TNF-a ELISA and 
compound concentration analysis- 
Data analysis by dedicated software calculates for each compound/dose: 
15 Percent inhibition of TNF>cc?= Mean TNF^oc (Vehicle controD - Mean TNF-g (Treated^ X 100 

Mean TNF-a (Vehicle control) 

Test as an anti^'arthritfc agent 

Activity of a compound as an anti-arfliritic is tested in tiie collagen-induced arthritis 
(CIA) as defined by E. Trentham et al, (1977) J, Exp. Med, 146,:857. In this model acid 
20 soluble native type II collagen causes polyarthritis in rats when administered in Freunds 
incomplete adjuvant. Similar conditions can be used to induce arthritis in mice and primates. 
Pharmaceutical Compositions 

According to a further aspect of the invention there is provided a pharmaceutical 
composition which comprises a compound of formula (1), or a phaimaceuttcally acceptable 
25 salt or ihvfv^hydrolysable ester thereof, as defined hereinbefore in 
pharmaceutically*-acceptable diluent or carrier. 

The composition may be in a form suitable for oral administration, for example as a 
tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular, 
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical 
30 administration as an ointment or cream or for rectal adtninistration as a suppository. The 
composition may also be in a form suitable for inhalation. 

In general the above compositions may be prepared in a conventional maim^ using 
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conventional excipietits. 

The pharmcuDeutical compositions of this invention will nonnaUy bi ^adroinisteied to 
hmnanSiSO thiat, for^ample, a daily dose of 0.5 to 75 mg/kg%)dy weighty an 0.5 
to 30 mg/kg body weight) is teceiyed. This daily dose may be given in as 
5 necessary; the precise aniourit of the compoiin4 receiyed%nd A route pf^^ iniinistration 
depen(Ung oh the weig^^ age and sex of the patient being e particular disease 

condition being tre^^ 

IVpi<f^ly I'mgtoSOO^^tig^of^ 
Mivention. _ - 

10 Therefore ihv^ Imtheir aspect of the pi^nt invention ed a compound of 

iorpmla (1)^ or a pKsqinm^^ ^^erebf, as 

defined hereinbefpie; fprjise in a method of tre^toent of a wminTblqo^ inirnai suc^ as man 
b^^Gtsipy. ^ jfiiiso proyic^ salt 
c*r in vh^ hydji^^ au^ icib^^^ i^jlii>(^ oft^ a 

IS:] diseasecondition one co^^moieii^ in^particular a 

disease condition naediated by TNF-o. Further provided is a compound of formula (IX or a 
^ pharmaceutically acceptable salt or in vivo hydrplysable ester thereof, as de fined hereinbefore, 
for use in a niethod of treating inflarnmatory diseases; autoinr^^ allergic/atopic 
: cardibyasciiQ ^e^^reperfusion 

2b iiyuty andtmaUi^ as inan^ r a^<>3nip^ 

fioinxi^^ a [dh^^ vn^'hyv^^ ^ tfac^^ as 

defined liei:^ tsui±ptis^^(^^ 
disease ahdi^pp^ I sdti^^ siichas 

mi^i;\Ajsp Bpti^e sa2^ 

25 yiyo Ivjf^^ 

asthnia orCX:^E%^ 

According :tc|w;a^ aspect of tlie invc«^ th^is pr^ a^ppmppund^o^ 
fpi^^ 2t^|^^ tef iiiear^^ 

defined hereinbrfcwce; for use as a medicament Also providecl^is a compoui td of ^Formula (1), 
30 orra phanxxaceutically acceptable salt or m vrv^ hydrblysable ester s defined 

hereinbefore, for use as a noedicament in the treatment of a disease conditio i niediated by one 
or more metaUoproteinase enzymes and in particular a disease condition mc dialed by TNF-cl 
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Further provided is a compound of fonnula (1), or a phannaceutically acceptable salt or in 
vivo hydrolysable ester thereof, as defined hereinbefore, for use as a medicament in the 
treatment of inflammatory diseases, autoiiximune diseases, aUergic/atopic diseases, transplant 
rejection, graft versus host disease, cardiovascular disease, reperfusion injury and malignancy. 
5 in a warm-blooded animal such as man. In particular a compound of fonnula (1), or a 

phaimaceutically acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore, 
is provided for use as a medicament in the treatment of rheumatoid arthritis, Crohn*s disease 
and psoriasis, and especially rheumatoid arthritis in a warm-blooded animal such as man. In 
addition, a compound of formula (1), or a pharmaceutically acceptable salt or in vivo 
10 hydrolysable ester thereof, is provided for use as a medicament in the treatment of a 
respiratory disorder such as asthma of COPD in a warm-blooded animal such as man. 

According to this another aspect of the invention diere is provided the use of a 
compound of fonnula (1), or a phannaceutically acceptable salt or in vivo hydrolysable ester 
thereof, as defined hereinbefore in the manufacture of a medicament for use in the treatment 
15 of a disease condition mediated by one or more metalloproteinase enzymes and in pmticular a 
disease condition mediated by TNF-a in a warm-blooded anunal such as man. Also provided 
is the use of a compound of formula (1), or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof, as defined hereinbefore in the manufacture of a medicament for use 
in the treatment of inflammatory diseases, autoimmune diseases, aller^c/atopic diseases, 
20 transplant rejection, graft versus host disease, cardiovascular disease, reperfusion injury and 
malignancy in a warm-blooded animal such as man. In particular the use of a compound of 
formula (1), or a phannaceutically acceptable salt or in vivo hydrolysable ester thereof, as 
defined hereinbefore, is provided in the manufacture of a medicament in the treatment of 
rheumatoid arthritis, Crohn's disease and psoriasis, and especially rheumatoid arthritis in a 
25 warm-blooded animal such as man. In addition, the use of a compound of formula (1), or a 
phannaceutically acceptable salt or in vivo hydrolysable ester ttiereof, is provided in the 
manufacture of a medicament in the treatment of a respiratory disorder such as asthma or 
COPD in a warm-blooded animal such as man. 

According to a further feature of this aspect of the invention there is provided a 
30 method of producing a metalloproteinase inhibitory effect in a warm-blooded animal, such as 
man, in need of such treatment which comprises administering to said animal an effective 
amount of a compound of formula (1). Acceding to a further feature of this aspect of the 
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invention there is provided a roe^ ct in a 

warijii-^sloode^ 
to said amihi^ 
featim<)f>thi^ aspb^ 

5 dis6as^;^s4^^ dis< »a^^ caidioyascular 

diseasb^ ifcpCT^ sik ih^ in^ in need of 

siich tieiatn^ amcimtof a 

Qoiripbuhd of fo^ Also pFoyided is a^^ 

disease aiidpscMasis;;ah waim-^b^ as 

10 mari; in heed which ponipnseis'a^ nal sin e^^ 

aihourit of a^c^^ 

disorikr s^ ; in ni&eid-^ such 

tt^eatniiehl^^ 

tS ; ; medicine, the compounds of formula (1) and 

theirlphanniiceutically acceptable salts are also useful as phamiacological tools in the 

developm^^ 

Effects of inhibitprs of ce^ 

monkeysj rats and mice^ as part^:o^^^^ 
j26 ^^'ihrthe^a^ 

manufacture fe^ [npoimds of the 

inyentto^ 

th<^^€^|us^^ ;^niali^ant disease 

25 stidtes w^ 

If of this 

invention 

ajg^t;"^^ 

foii^^ - 
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The invention will now be illustrated by the following non-limiting examples in which, unless 
stated otherwise: 

(i) temperatures are given in degrees Celsius (°C); operations were carried out at room or 
ambient temperature, that is, at a temperature in the range of 18-25''C; 
5 (ii) organic solutions were dried over anhydrous magnesium sulphate; evaporation of solvent 
was carried out using a rotary evaporator under reduced pressure (600-4000 Pascals; 4.5-30 
mm Hg) with a bath temperature of up to 60°C; 

(iii) chromatography unless otherwise stated means flash chromatography on silica gel; tWn 
layw chromatography (TLC) was carried out on silica gel plates; where a *Bond Elur column 

10 is referred to, this means a column containing lOg or 20g of silica of 40 ntiicton particle size, 
the silica being contained in a 60ml disposable syringe and supported by a porous disc, 
obtained from Varian, Harbor City, California, USA under the name "Mega Bond Elut Sr\ 
Where an 'Tisolute'"^ SCX column" is referred to, this means a column containing 
benzenesulphonic acid (non-endcapped) obtained from International Sorbent Technology Ltd, 

15 1st House, Duffryn Industial Estate, Ystrad Mynach, Hengoed, Mid Glamorgan, UK. Where 
Flashmaster II is referred to, this means a UV driven automiated chromatography unit supplied 
by Jones; 

(iv) in general, the course of reactions was followed by TLC and reaction times ace given for 
illustration only; 

20 (v) yields, when given, are for illustration only and are not necessarily those which can be 
obtained by diligent process development; preparations were repeated if more material was 
required; 

(vi) when given, ^H NMR data is quoted and is in the form of delta values for major 
diagnostic protons, given in parts per million (ppm) relative to tetramethylsilane (TMS) as an 

25 internal standard, determined at 400 MHz using perdeuterio DMSO (CD3SOCD3) as the 
solvent unless otherwise stated; coupling constants (J) are gxvea in Hz; 

(vii) chemical symbols have their usual meanings; SI units and symbols are used; 

(viii) solvent ratios are given in percentage by volume; 

(ix) mass spectra (MS) were run with an electron energy of 70 electron volts in the chemical 
30 ionisation (APQ) mode using a direct exposure probe; where indicated ionisatlon was 

effected by electrospray (ES); where values for m/z are given, generally only ions which 
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perfonned using i 
mass 

micron particle 



indicate the parent mass aie reported, and unless dtherwiisp stated the mm s ion quoted is the 
positive maiss ion - (M+H^***; • 
(x)IX;MS (liquid chromatogr^h^ 

pair pf Giison 306 pumps with CHlson 23S^^^ ZMDIOOO 
5 spectrometer. Tlie IX; compriseii water sjor^ colunui C18 w th 5 

si35e. The eluOTt^ A^.wa^ with 0^05% f^^^ with 0«05% 

foimic ac^ Th^^ueirt 95%^ in 6 cdinutes. Where indicated 

ionisiEitiicni was efi^ctedby cd^^ en»,gaierally only 

iona which iiidic£^1he parent iniass arb rqpcMlie^ kiid ion 
10 qbpijci^^ is die positiye ta^s ion • '(M4^H)^ and 



15 



20 



25 



)mn minute(s) 

h • hbur^ 

DIPEA r N 

DMSO . (Unie^^ 

DMF ATrdimethylfojinaim^^ = 

DGM dicMoromj^ane; ^ 

NMP M^methylpyrrolidinoiie; 

DIAP diisoprojpylazodicarfopxylate 

LHMDS or LiHMDS Lithium bis(trimethylsilyl)aOT^ 

yh/itkyti methanbl 

RT , npo^ieiiy>c^^ 

wdB ^''--^^ ::,i^arior ' 

EDTA 



te^ahyd^^ 



30 methylii^dia^I^^ 



.5- 
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described below) (210mg, 0.62mmol) in EtOH (14ml) and water (6111I) was added potassium 
cyanide (8Qmg» 1.23mmol) and ammcmium carbonate (24Smg, 3.1Qmmol). The mixture was 
5 heated at 70%^ for 5 h. Additional ammonium carbonate (Ig, 12.6imnol) was added and the 
mixture stirred at RT for 17 h. Th^ noixture was then concentrated to ^^proximately half the 
volume and extracted with EtOAc (2xl0ml). The combined organic layers were partitioned 
with hrine (lOnd), dried (MgS04)» concentrated and purified by chromatography (lOg silica 
bond elute, eluent 20-100% EtOAc / Hexane) to give R/S-5-[({4-[(2,5. 
10 dimethylbenzyl)oxy]piperidin-l-yl}sulphonyl)methyl]-5-methyKmida2x>li^ 

as a white solid (30mg, O.OTmmol); NMR 1.3 (s, 3H), 1.6 (m, 2H), 1.9 (m, 2H), 2.2 (s, 3H), 
2.25 (s. 3H), 3-0 (m, 2H), 3.3 (m, 3H), 3.5 (d, IH), 3.6 (m, IH), 4.5 (s, 2H), 7.0 (dd, IH), 7.05 
(dd, IH), 7.1 (d, IH). 8.0 (s. IH), 10.7 (s, IH); MS (-ve) 408. 

15 The starting material, 4-(2»5-dimethylbenzyloxy)piparidin-l-ylsulphonylpropan-2-OTe, was 
prepared as described below: 

i) To a solution of ten-hvtyl 4-hydn)xypiperidin-l-ylcaiboxylate (4g, 19.9mmol) in 
DMF (lOQml) at RT was added sodium hydride (796mg, 60% dispersion in oil, 19.9mmol). 
After 1 h 2,5-dimethylbenzyl chloride (2.94ml, 19.9mmol) was added dropwise. After 16 h 

20 water was added (5ml) and DMF was removed in vacuo. The mixture was partitioned 
between water (lOOml) and DCM (3x200ml) and the combined organic layers were dried 
(MgS04), concentrated and purified by chromatography (MPLC, elating with 0->20% EtOAc/ 
DCM) to give tert-hxxtyl 4-(2,5-dimethylbenzyloxy)piperidin-l-ylcari>oxylate as a gjeen oU 
(4.15g, 13mmol); NMR 1.4 (m, IIH), 1.8 (m, 2H), 2.2 (d, 6H), 3.0 (m, 2H), 3.6 (m, 3H), 4.4 

25 (s,2H),7.0(m,2H),7.1(s, 1H);MS:320. 
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ii) To a solutipin of rerr-butyl 4-(2^-^imethyibenzyloxy)piperidin-l - ylcaiboxjdate (4.1g, 
12,85nunol) in DCM <30inl) was added TE'A (3ml) and the mixture stirrei overnight at RT* 
TPA (3ml) was adiclld arid^^ t^^ After I h the mixt ire was concentrated 



4.45 <si2H), 7,0 
« i2:8SmmoI 



5 as a colouriess bU|C$ of toluene) v/Nl^ 1,7 (m> 2H), 2.0 

(m, 2H), m^^ (s, 3H)i 3Xi^(^^ 3.( 
On, 2H) ^M^^^C^ 
iii) TtS a sdkttibi^ 
phis afsm^ dftioun 

10 61;6niiin^ i3,6tfiin^iya id^ diopwise over 

S mim^llie reaction^ to RT. After 63 was diluted 

with ©C3^^6ml)i^^ (56inl),5 i) andcdhoentrated 

to give a light brov^^il^ 
cold EtOH arid coiic^pbra^ 

15 as a white solid (2.i53ig^ 8 2H), 2-2 (s, 

2.85 (s, 3H),:3.0 (^, 2H), 3.55 (m^ IH), 4.45 (s, 2H), 7;0 (m;2H) and 7.1 
, iv) To a stin^dvsolution of 4:^(2;5-dimethylben2yl^^^ 
(500mg, 1.68mm[ol) iiS (3.6ml. 3.6i omol); Aftier 10 min 

acetyl chloride (0.14mli 1.96mmol) was added. After 2 h saturated anoanor ium (5ml) 

20 was added; the reaction warmed to RT and the product extracted with EtO \c (2xl0ml)^ The 
cdm^ ^, ^concentrated and 



:JH)i2.25Cs,3H). 
rs. lIO; iNlS: 298. 



(2,5^methj^^^ as aii oily repdite^^^ 

0.62mmol); lilS (^ve) 338. 
25 EXAMPLES 
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To a solution of 4-(2-niefhylquinoUn-4-ylmelhoxy)piperidm-l-ylsulphonylpiopan-^ 
(prepared as described below) (206mg, 0.547inmol) in EtOH (Sml) and wator (5ml) was 
added potassium cyanide (69mg, 1.09mmol) and ammonium carbonate (875mg, 3.28mmol). 
The mixture was heated at 65°C for 2 h. The mixture was then concentrated to approximately 
5 half the volume and extracted with EtOAc (3x10ml). The combined organic layers were 
partitioned with brine (10ml), dried (MgS04) and concentrated to give a yellow solid. Ttas 
was rccrystaUised from hot EtOAc^4iexane to give R/S-5-[({4-(2-inethylquinolin-4- 
yImethoxy)piperidin-l-yl}sulphonyl)inethyl]-S-inethylimidazolidine-2,4-dione 
as a white solid (215mg. 0.482mmol); NMR 1.3 (s, 3H), 1.65 (m, 2H), 2.0 (m, 2H), 2.7 (s, 
10 3H). 3.05 (m, 2H). 3.7 (m, IH), 5.0 (s, 2H), 7.45 (s, IH), 7.55 (m, IH), 7.7 (m, IH), 7.9 (m, 
IH), 8.1 (m. 2H); MS (-ve) 445. 

The starting material 4-(2-methyl-quinolin-4-yl methoxy)piperidinylsulphonylpropan-2-one, 

was prepared as described below: 

15 i) To a stirred suspension of 2-metiiylquinoIin-4-ylcarboxylic acid (4g, 21.4inmol) in 
THF (100ml) at RT was added lithium aluminium hydride (21.4ml, i.OM solution in THF, 
21.4mmol) dropwise over 20 min. Aft» 16 h watrar (4ml) was added cautiously followed by 
2N NaOH (4ml) and water (12ml). The resulting gelatinous precipitate was filtered off and 
washed with THF. DCM (200ml) was added to the filtrate and partitioned with saturated 

_20_. NaHCX)3 (2x75ml). The organic layer was dried (M:gS04), concentiated, triturated witii DCM 
and filtered to give 2-methylquinolin-4-ylmethanol as a white powder (858mg, 5mmol). The 
mother liquours were purified by chromatography (20g silica bond elute, eluent 0-^5% EtOH 
/ DCM) to give a further 610mg of product (3.5mmol); NMR 2.6 (s, 3H), 5.0 (d, 2H), 5.5 (t, 
IH), 7.4 (s, IH), 7.5 (t, IH), 7.7 (t, IH). 7.9 (m, 2H); MS: 174. 

25 ii) To a suspension of 2-metiiylquinolin-4-yhnetiianol (lOOmg, 0.58mmol) in DCM (5ml) 
at RT was added tiiefliylamine (0.24ml, 1.74manol). Hie reaction mixture was then cooled to 
0*'C and methanesulphonyl chloride (0.05ml, 0.64romol) was added dropwise. After 10 min 
the reaction mixture was concentrated, EtOAc (20ml) w^ added and the organic layer 
partitioned with brine (10ml), dried (MgS04), ccmcentirated and purified by chromatography 

30 (lOg silica bond elute, eluent 5% MeOH / DCM) to give 2-methylquinolin-4- 

ylmetiioxysulphonyhnethane (llOmg, 0.44nmiol); NMR 2.7 (s, 3H), 3.35 (s, 3H), 5.75 (s, 
2H), 7.5 (s, IH), 7.6 (t, IH). 7.75 (t. IH), 8.0 (m, 2H); MS: 252. 
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75g, 8.73nmiol) in 
in oil> 10;5mmol). 



iii) To a soluddh of im-butyl 4-hydroxypipendinrl-ylcarbpxylate (1 
DMP (20nil) at O^G was added sodiuni hydride (419mg, 60% dispersion 
After 10 min a solution of 2-methylquinoUn-4-ylme1hoxysulphonylmeft ane (2. 19g, 
8.73nnno^dn DMP (IQml) was added dropwise over 5minat O*ki;. Aftei 5 h the mixture was 

5 concentrated and|the residue taken up in EtOAc (150ml)* The organic h yer was washed with 
brine (50ml), dried (Na2S204X concentrated and purified by chromatognphy (MPLC, eluting 
with 75% EtOAc/ hexane) to give r^rr-butyr4r-(2-methylquinoUn-^ 
ylcaiboxylate (l,46g, 4.1imnol); MS; 357. 

iv) To a soliition of /cr^butyl4^2-^lethylquinol^ ridin-1 -ylcaiboxyiate 
10 (L45g. 4.1nmioI) in DCM (10ml) at RT was added TFA (3ml). After 15 h the mixture was 

concentrated and azeotropedvwith toluene 0^2) to give 4T(2-methylquino] in-4- 
ybnethiQi^Opil^ 

v) To a solution of 4-(2-methylquinoiin-i4-ylmethoxy)piperidine.di ■ CPA salt (2.49g, 
5-2mmol) in DCM (40ml) at O^C was added triethylamine (4.3nil, 31mm ol) followed by 

15 methanesulphonyl chloride (0;8ml, 103nimol) added dropwis^^ min; Thexeaction 
mixture was allowed to warm to RT. After 15 h the mixture was diluted with DCM (60ml), 
washed with water (30ml), brine (25ml), concentrated and purified by ch romatography 
(MPLC, eluting with 100% EtOAc) to give 4-(2-methylquinolin-4-ylmethbxy)piperidin-l- 
ylsulphonylmethane (600mg, l.Smmol) as a pale yellow solid; NMR 1.6 (m, 2H), 2.0 (m, ZH), 

20 2.65 (s, 3H), 2,85 (s, 3H), 3.0 (m, 2H), 3.3 (m, 2H), 3.7 (m, IH), 5.0 (s, 2H), 7.4 (s, IH). 7.5 
(t, IH), 7.7 (t. IH), 7.9 (d, IH), 8.0 (d, IH); MS: 335. 

vi) To a stirred solution of 4-(2-methylquinolin-4-ylmethoxy)piperidin-l- 
ylsulphohylmethahe (400mg, 1.06mmoli in dry THP (IQml) at approxiihi ttely -le'^C, was 
added LEIMpS (2.63ml, 2.34mmol). After 30 min EtOAc (0.1ml, 1.05m tnpl) was added and 

25 the reaction wamied to RT. After 2 h saturated ammonium chloride (lOnd) was adcted, the 
reaction wanned to RT and the product extracted with EtOAc (3x2Qml)- ' The combined 
organic layers were partitioned with brine (lOml), dried (MgS04) and cor centrated to give the 
. ciTidte.pnw^^ (6.36g) as a yellow oil. TTiis was titurated'with iso*hexane to give 4r(2i^ 
inethylqmhoUnr4^yl mettioxy)piperidin^l--ylsulphonylpropan^ Wte solid (206mg, 

30 0.547mmol); NMR 1.65 (m, 2H), 1.9 (m, 2H), 2.2 (s, 2H), 2.6 (s, 3H), 3.0 (rn, 2H), 3.35 (m, 
2H), 3.6 (m, IH), 4;9 (s, 2H), 7.4 (s, IB), 7.5 (t, IH), 7.6 (t, IH), 7.85 (d^ |1H), 8.0 (d, IH); 
MS (+ve) 377. 



wo 2004/024698 PCT/GB2003/003937 
EXA3VfPLE3 

5>[2-({4-[(2>Me<hyIquinolin-4-yl)meflioxy]piperidin-l-yl^lphon^ 
2,4-dioiie 




O T NH 



5 To a stirred solution of 2-iQethyl-4-[^iperidin-4-yloxy)methyl]quinoline. di TFA salt 
(example 2 step iv)) (200mg, O.78mtnol) in DCM (20ml) under argon, was added DIPEA 
(0.4ml, 2.35mmol) followed by 2-(2,5-dioxo-'4*imidazolidinyl)-l-ethanesulphonyl chloride 
(see below) (30Smg, 1.56]mnol). This was stirred for 2 h. Water (ca. 20ml) was added and 
the resultant emulsion was filtered through celite. Tho organic phase was dried CMgS04) and 
10 evaporated, and the residue was purified via chromatography (sUica, 1-5% MeOHyEtOAc) to 
give5-[2-({4-[(2-mettiylquinolin-4-yl)methoxy]piperidin-l-yl}sulphonyl)e&^ 
2,4-dione(175mg, 0.39mmol) as a white solid; NMR 1.7 (m, 2H), 1.9 (m, 2.1 (m, IH), 
2.7 (s, 3H), 3.2 (m, 4H), 3.5 (m, 2H), 3.8 (m, 3H), 4.2 (m, IH), 5.05 (s, 2H), 7.4 (s, IH), 7.5 
(t, IH), 7.6 (s, IH), 7.7 (t, IH), 7.9 (d, IH), 8.1 (d, IH); MS 447 (MH+). 

15 

The starting material 2-(2,5'-dioxo-4-imidazolidinyl)-l-ethanesulphonyl chloride was prepared 
as follows: 

i) Commercially available RS homocystine (O.lSmol) was suspended in water (2Sml). 
Potassium cyanate (l.Sg, 0.2mol) was added and the mixture was stined at lOO'^C for 45 min. 
20 After partial cooling, 10% HCl (10ml) was added and the mixture stirred at lOO^^C for 50 min. 
The mixture was placed in the fddge overnight, and the resultant crystals wm filtered, 
washed successively with water and dried in vacuo to afford 5-(2-{[2r(2,5-dioxo-4- 
imidazoUdinyl)ethyl]disulphanyl}efliyl>2,4-iniida2oUdinedione;I^ (APCr)m/z 319.1 
(MH+). 

25 ii) Through a suspension of 5-(2- { [2~(2,5-dioxo-4- 

iinidazoIidinyl)ethyl]disulphanyl}ethyl)-2^4-inriidazolidinedione (6.9 mol) in a mixture of 
AcOH (25ml) and water (2ml) stirred vigorously at 0**C, was bubbled chlorine gas for 15 min 
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(until all piecipitate dissolved) at a maximuin t^pera S'^C. The i oixtuite wais fi^^ 
stirred for 15 nuh» evapbiati^^ a small volume in vaciup^^^^(^ iperatiire 30 -C), 

dissolved in I>GI^ 15 iriiy aii^lli^ 10% 

sodium thi6sulphate;;dri^e^^^ THF-hexane (Lora-Tamayo, M. 

5 et ta, l968yA^:(^^ to afford 2S^,5Hiioxo-4^imid^ lidinyl)-!- 

ethanesulphonyl0^^ IH). 



10 




one 



To a solution of 2-methyI-4-(piperidin-4-yImethoxy)quinolin^^ 
O.lTnunol) in DMF (Snil) was added DIPEA (O^ml. 1 .02mmol) followec 
iimdazblidinyl>-lrethanesuIphohyl chloride (see epcample 3) (76mg» 0 
mixture wais stirred for 3 h and then partitioned between EtOAc and watei(*. 
is was* jdn6^^ S^{2rr^ 

3^ikl5(m;2f^>^^2^^^^ 



11001 



20 fttestartihgih 
wasiprepai^ 

i) zwybut^^ 

(3Qi3d)^ hydride (60% in mineral oil, 558ing) was the|n 

mixture stirred at 80°C, under argon, for 30 min. A solution of 4-chloroqu^naIdine 
25 DMF(20ml) was |acp6d, follow^ 
80%? for 5 h; The^^^thi^^ w 

EtOAc (106i:iU)iaid wat^ The aqueous phase wa^ extfac 



acid salt) (50mg, 
Dy 2-<2^HcJioxo-4- 
; The reaction 
Thecnig^^ phase 
fOiyljpip^din-l- 
Cmi:a©,4;9(m, 
:s, li©,7.45(m. 



dissolved in DMF 
added andthe 
(25g)in 
nixtuie stirred at 

bet\yeen 
EtOAc (lOOinl) 
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and the coinbined organic layers were washed with brine (lOQml), dried (MgS04), 
concentrated in vacuo and purified on a bpndelut cartridge^ eluting with a gradient of 10-75% 
EtOAc/iso-hexane. The compound obtained was purified on a second identical cartridge, 
eluting with a gradient of 0-40% EtOAc/iso-hexane to give rerf-butyl 4-{[(2-methylquinolin- 
5 4-yl)oxy]methyl}piperidin-l-ylcarboxylate as a white solid (2.27g); NMR 1.25 (m, 2H), 1.40 
(s, 9H), 1.82 (m, 2H), 2.10 (m, IH), 2.55 (s, 3H), 2.75 (m, 2H), 4.00 (m, 2H), 4,10 (d, 2H), 
6.92 (s, 2H), 7.45 (m, IH), 7.65 (t, IH), 7.82 (d, IH), 8.05 (d, IH); MS 357 (AfH*). 
ii) Tert-bntyl 4-{ [(2-methylquinolin-4-yl)oxy]methyl }piperidin-l-ylcarboxylate (2.27g) 
was stirred in a mixture of concentrated hydrochloric acid (12.5ml) and 1,4-dioxane (25ml) 

10 for 16 h. The mixture was then concentrated m vacuo, azeotroped with toluene (3x30ml) and 
dried in vacuo to give 2-methyl-4-(piperidin-4-yLmethoxy)quinoline (hydrochloric acid salt) as 
an off-white soHd (2.04g); NMR 1-75 (m, 2H), 2.00 (m, 2H), 2.30 (m, IH), 2.90 (s, 3H), 2.95 
(m, 2H), 3.35 (m, 2H), 4.40 (m, 2H), 7.50 (s, IH), 7.80 (t, IH), 8.10 (t, IH), 8.30 (d, IH), 8.40 
(d, IH), 9.15 (m, 2H); MS 257 (MH*). 

15 EXAMPLE 5 

5-Methyl-5-{[(4-{[(2-methylquinolin<4-yl)oxy]methyl}piperid^^ 
yI)su]phonyl]methyl}imidazolidine-2,4-dione 




An analogous method to that described in example 4 was used except that 2-(2,5-dioxo-4- 
20 imidazolidinyl>l-ethanesulphonyl chloride was replaced with [4-methyl-2,5- 

dioxoimidazolidin-4-yl]methanesulphonyl chloride. 5-mefliyl-5-{[(4-{[(2-methylquinolin-4- 
yl)oxy]niethyl}piperidin-l-yl)sulphon5d]methyl}iimda2K>lidine-2,4-^ was obtained as a 
white solid (53mg); NMR 1.32 (s, 3H), 1.45 (m, 2H), 1.95 (m, 2H), 2.12 (s, IH), 2.85 (m, 
5H), 3.35 (m, IH), 3.50 (m, IH), 3.60 (t, 2H), 4.40 (d, 2H), 7.52 (s, IH), 7.83 (m, IH), 8.00 
25 (s, IH), 8.08 (m, 2H), 8.35 (m, IH), 10.70 (s, IH); MS 447 (Am^}. 

The starting material [4-methyl-2,5-dioxoimidazolidin-4-yl]n:iethanesulphonyl chloride was 
prepared as follows: 
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MBS 



i) To a steel vessel charged with EtOH (3 15ml) anrid water (135inl) 
benzylthioacetone(31.7g, 0:175 mol), jp^tassmniiCysm^ niol) and 

caiiMTnate ^.Sg, 0;;879 > under Siigoiic^ 

stirring for 3 h. The reapti^h vessel was then with ice--v/ater (30 ir in), the resultant 



added 

iEtmmonium 



P0Qiihl);11i&^Goi^^ CM^gmic^^^ vl5QmI)v dried 

(Naj^C)^^ filter was assisted the addition of 

bCM (300iia);to the oil). Evaporation gave 5-methyl$5- 
10 {[(phenjdine^ 

90%);;NM 2/72, 2.62 ClK eiteh, 

nOrJKOQ (IH, «^ (Jiffl^iiife 251.1. 

ZU^OllTmol) 



was dissd^^/edi^ 

15 an ice/watiBT baUi and chlorih^ gas was bubbled through the solution, such ifaat the temperature 
was maintained below 15 °C. After 25 miri the solution becanie yellow-grqen in colour and a 

iajrt^^ 

been consumed. The yellow clear solution was stirred for 30 noin and an odaque solution 
/slurry was formed; The^ solvent was removed in vacuo at 37**C, the results nt yellowish solid 
20 Wais in toluene (400ml) and solyeht removed m vacuo. This was 

iiYlik>^i^€a^^ 

bjrfiltrtiion, was^ 

ietnyi-i^dH[noxo a 
25 slightly yellow powder (36.9g, 95%); Purity by HPLC =: 99%. NMR suppd rted purify; NMR 



(THF^g) 9-91 (IH, bs), 7,57 (IH^ s), 4-53, 4.44 (IH eachviytq,^p6HzJ 
30 y]}s^li^hc^^ 



l:52(s,3H.CH3); 
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H 



2-Methyl-4-I(piperidin-4-yloxy)methyl]quinoline.^ TFA salt (example 2 step iv)) (lOOmg, 
0,39nraiol) was dissolved in DMF (5inl) under argon. DIPEA (O^lml, l.lSixunol) was added, 
followed by [4-ediyl-2,S-dioxoiniidazolidin-4--yl]methanesulphonyl chloiide (14Smg, 
S 0.59nmiol) and the mixture was stirred for 20 h. The reaction mixtare was then partitioned 
between EtOAc and water, the organic phases separated, washed with water, dried and 
evaporated, and the residue triturated with ether to give 5-ethyl-5-[({4-[(2-methylquinolin-4- 
yl)methoxy]piperidin-l-yl}sulphonyl)methyl]imidazolidine-2,4-dione as a white solid (lOmg, 
0,02nunol); NMR 0.9 (m, 3H), IJ (m, 4H), 2.0 (m, 2H), 2.7 (s, 3H), 3.1 (m, 2H), 3.3 (m, 3H), 
10 3.8 (m, IH), 5,1 (s, 2H), 7.4-7.6 (m, 3H), 7,7 (m, IH), 7.9 (d, IH), 8.0 (d, IH). 



The starting material [4-efhyl-2,S-dioxoinudazolidin-4-yl]nauethanesulphonyl chloride 
was prepared using an analogous method to that used in example 5 to prepare [4-n3ethyl-2,5- 
dioxoimidazolidin-4"yl]methanesulphonyl chloride except that benzylthioacetone was 
15 replacedwithl-(benzylthio)butan-2-one (Tetrahedron letters (1998), 39(20), 3189-3192.); 
NMR (THF-d8) 0.9 (3H, t), 1.9 (2H, m), 4.4 (IH, d), 4.5 (IH, d), 7.4 (IH, s), 9.9 (IH, s). 
EXAMPLE 7 

5-Methyl-5-[2-({4-[(2-methylqiiinolin-4-yl)methoxy]piperidin-l- 
yl}sulphonyl)ethyI]]nnddazolidme-2y4-dione 




An analogous method to that described in example 6 was t^d except that [4-e1hyl<'2,5- 
dioxoimidazolidin-4-yl]methanesulphonyl chloride was replaced with [4-methyl-2,5- 
dioxoimida2olidin-4-yl]ethanesulphonyl chloride to afford 5-methyl-5-[2-({4-[(2- 
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as an 

off white is6Hd; l^^ (m, 2H), 1;97 (rti,^, 2.89 (ni^ jtfl), 3 08 (m, 3H), 

3:44 (m; 2H), 3^(^^ 2H),^;6l 2H), 8. 

IH), 103(s;^li^ 



6 (d, iI5>, 8.37 (d. 



linepar^ to piiepa ce I*4rmelhyl-2^- 



10 39C&i ^43 1643 19); NMR OOT 3iHE), (fe, IH), 

J 4i0#i,;lfl)^^ 

5-EtfayI-5-[2-({4-[(2-inethyIquiiioiin-4-yl^ 
yl}suIpKonyPethyI]iii^ 




15. 

, idj^^^ 

ineth jdq^ iefe^4--dione-as an 

20 bff ^ 

(4i^I^:3-4^^ 

8.12 (d, IH), 8.23 (d, IH), 10-73 (s, IH), MS 475 (MH+). 



was 



was 



(2000), 
*D^3.85 (m. IH), 



?2(8<Si(nu4H), 3.10 
lpa)i8^(l.lH), 



Bhlpride was 

25 pii^aied an ai# methdd to tfiat descdbed in ebcandq^ 5 tosprepiam j [4-methyl-2,5- 



dipxbiinida^oH chloride exc>e^t ubetone wais 

leplacedwilft 1^(^^ (<aiemical i&^ha^^ (1997), 



wo 2004/0246W PCT/GB2003/003937 




45(5), 778-785.); NMR (THF-dS) 0.9 (t, 3H), 1,7 (m, IH), 1-9 (m, IH), 2.2 (m, IH), 235 (m, 
IH), 3,9 (m, IH), 4.0 (m, IH), 7.1 (s, IH), 9.8 (s, IH). 
EXAMPLE 9 

(5S>5-Methyl-5-{4-[(2-methylquinolin-4-yl)methoxy^ 
5 dioxoimidazoUdine 




An analogous method to that described in example 6 was used except that 2-methyl-4- 
[(piperidin-4-yloxy)methyl]quinoline.diTFA salt was replaced with 4-[(2-methylquinolin-4- 
yl)methoxyme1hyl]piperidine and [4-ethyl-2,5-dioxoinudazolidin-4-yl]metfaanesulphonyl 
10 chloride replaced with (4S)-(4-methyl-2,5-dioxoimidazolidin-4-yl)methanesulphonyl chloride 
to afford (5S)-5-niethyl-5-{4-[(2-methylquinolin-4- 

yl)methoxymethyl]piperidinylsulphonylmethyl}-2,4-dioxoimidazolidine as an off white solid; 
NMR 1.1 (m, 2H), 1.2 (m, 3H), 1.7-1.8 (m, 3H), 2.6 (s, 3H), 2.7-2.8 (m, 2H), 3.3 (m, partly 
obscured by H20, 2H), 3.3-3.5 (m, 4H), 4.9 (s, 2H), 7.4 (s, IH), 7.5 (t, IH), 7.7 (t, IH), 7.9- 
15 8.1 (m, 3H), 10.7 (s, IH); MS 461 (MH+). 



The starting material 4-[(2-methylquinolin-4-yl)niethoxymethyl]piperidine was prepared as 
follows :- 

i) To a stirred solution of i-niethyl-4-hy droxy methylquinolme (2.22g) in DMF (4Qn]l) was added a 
20 60% suspension of sodium hydride in mineral oil (620nig). After 15 nun. terr-butyl 4-({[(4- 

inethylphenyl)su]^honyl]Qxy }methyl)piperidin.l-ylcarb^ (4.7g) (Reparation of quinazolinyl 
ureas» thioureas and guanidines for use in the prevmtion or treatment of T cell mediated diseases or 
medical conditions; Crawley, McKetrech^, Poyser, Hennequin and Lambert (Astrazeneca UK 
Limited, UK; Zeneca Pharma S.A.) WO 0104102 169 pp) was added and the mixture stirred at 
25 QXfC for 18 h. The mixture was quenched carefully wifli water (100ml) and extracted 

repeatedly with EtOAc. The combined EtOAc extracts were washed witti wat^, brine, dried 
and evaporated to an oil. This was chromatographed on silica in EtOAc-isohexane mixtures 
affording rert-butyl 4-{[(2-methylquinolin-.4-yl)methoxy]methyl} piperidin-l-ylcarboxylate 
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(27ineth}4quinoIin- 



(1.2g) as an oilvlilMR 11-13 (m, 2H),vl.35 (s,;9H), 1/7-1.9 (m, 3H). 2.e-2.8 <s. m, 5H), 345 
. (d, 2H), 4.(M.2^ 2H), 4.9 (s, 2H), 7-3 (s, IH), 745 (t, lH),;7i65 (t, 1^^ (d, IH). S:05 

ii) 4Mpic^^^-^^^ 

5 4-)i>rn^^ in dicbian (5iril):i J de0»(4ml) was 

addi&d and 1^ Th^>s^ ted* the lesddue 

ifia^yed itf ^ and evapraat^ to a 

gjimia Qg); 2H),Jli^^ :5 (dv2H). 3.45 (d, 2 



H), 4.9 (s, l3J(s; 111)^745,0^4 



10 



was prepared ^^M^^^^ :- 
i) A sifa5^ yeisd 



ij V and 



15 cartMon^ add^Vilie^^ was 1 leated to 90 "X:; and 

stiiped vigorously for 3h. The reaction iyessel was cooled wijth ice-water for 30 min, the 
yellqmsh slurry ey^^ partitioned betwc jen water (40Qml) 

and EtO Ac (7CK)inl) and then separated. Hie aqueous i^ase was extracted with EtOAc 
(300ml) and the combined organic phases were washed with saturated bri le (150ml), dried 

20 (NkaSG^ <3r^^ by the addition of 

bCm (300ml). Evaporation gave:5-methyl-5-{[(phenylmethyl)thio]methy }imidazolidine-2,4- 
dione as a slightly yellowish powder (43.8g, 90%); LC-MS (APCT) m/z 2i ! 1.1 (MH+); 
Nftpl 10.74 (IH, s), 8.00 (IH, s),7.35-7.20 (5H, m), 3.76 (2H, s), 2.72, 2.62 (IHeach, ABq,. 
y==14.0 Hfe), 1.29 (3H, s);/^C NMR D]V4Sprd6 1^^^^ 138,11, 12(8.74, 128.24, 

25 ia5^,;62:^^^ 

ii)!:- (5?^ 

by cliiir^ to on ii l^ 

Axial jCpmprBssi9n Preparative HPLC systeni. The stationary phase used \ veis.CHSBJJJ^AK 
AE^jmd ptlier pa^ inm(l^ 
30 I50mg/ml (sample (^^^ 2Qml (injection yplume). Tlie reten don time for this 

enantipmerturici^ & conditions was (5min. Analj^is of chir^ a 

: p.5ml/rnin:(flow). 



» was 



wo 2004/024698 PCT/GB2003/003937 

EtOH (eluentX 220nm (UV), RT. The retention time for this enantiomer under these 
conditions was 9.27 rain. Chiral purity was estimated to >99% ee. 

LC-MS (APCI) m/z 251,1 (MH+); [a3D=-30.3^ (c=0.01g/ml, MeOH, T=20^C); NMR 10.74 
(lH,s), 8,00 (IH, s), 735-7.20 (5H, m), 3.76 (2H, s), 2.72, 2.62 (IH each, ABq, 7=14.0 Hz), 
5 L29 (3H, s); ^^C NMR (DMS0-d6) 177.30, 156,28, 138.11, 128,74, 128.24, 126.77, 62,93, 
37.96, 36,39, 23.15. 

(5/2)-5-methyl-5-{[(phenylmethyl)thio]methyl}iinidazoUdin was similarly 

prepared by chiral separation of tiie racemic material using a 250mm x 5Qmm column on a 
Dynamic Axial Compression Preparative HPLC system. The stationary phase used was 

10 CHIRALPAK AD and other parameters weare: MeOH (eluent), 89ml/min (flow), RT, 220nm 
(tJV), 150mg/ml (sample concentration), 20ml (injection volume). The retention time for this 
enantiomer under these conditions was 10 min. Analysis of chiral purity was made using a 
25QnMn x 4.6mm CHIRALPAK-AD column from Daicel with parameters: 0.5ml/min (flow), 
EtOH (eluent), 220nm (UV), RT, The retention time for this enantiomer under these 

15 conditions was 17.81 min. Chiral purity was estimated to >99% ee. 

LC-MS (APCI) m/z 25L0 (MH+); [a]i>=+30.3** (c=0.01g^ml, MeOH, T=20**C); NMR 10.74 
(IH, s), 8.00 (IH, s), 7.35-7.20 (5H, m), 3.76 (2H, s), 2.72, 2.62 (IH each, ABq, 7=14.0 Hz), 
1.29 (3H, s); *^C NMR (DMSO-^) 5: 177.31, 156.30, 138.11, 128.74, 128.25, 126.77, 62.94, 
37.97, 36.40,23.16. 

20 iii) (55>5-Metiiyl-5-{[(phenyhnetiiyl)tWo]methyl)imidazolidine-2,4-dione (42.6g, 
0.17mol) was dissolved in a mixture of AcOH (450 ml) and water (50ml). The mixture was 
inomersed in an ice/water bath and chlorine gas was bubbled through the solution, the flow of 
gas being adjusted to maintain the temperature at below 15 ^C. After 25 min the solution 
became yellow-green in colour and a sample was withdrawn for LC/MS and HPLC analysis. 

25 It showed that starting material had been consumed. Theresultant clear yellow solution was 
stirred for 30 min and an opaque solution /slurry was formed The solvent was removed on a 
rotary evaporator at 37°C, the resultiant yellowish solid suspended in toluene (400ml) and 
solvent r^oved on the same rotary evaporator. This was repeated once more. The crude 
product was then suspended in iso-hexane (400nal) and warmed to 40°C while stirring. The 

30 slurry was allowed to cool to RT before the insoluble product was removed by filtration, 

washed with iso-hexane (6xl00ml), and dried under reduced pressure at 50^C over night This 
gave [(45)-4-methyl-2,5-dioxoinudazolidin-4-yl]methanesulphonyl chloride as a slightty 
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yellow powder (36 .9g, 95%); purily b^ 



12.4° (c=0.01g/inl, THP, T=20^e); NMR (THF^g) 9:91 (IH, bs), 7,57 (iH, s), 4.53, 4.44 (IH 
Mch,Afig^J^14i^^ 
23.66. 

5 i(4iR)-4rMe^ the 
Mme^wi^ hrs), 7.57 

(1H,^),4.^^^ 
155^84; 




lonylmethyl}- 



An^analogo^s meth^ ex£Uiq>Iei6vwas used tha : iirmefhyl^ 



<*loiide to afford 0Sf)^5^ffiyI-5-{^^ 

NMR p.75 (t, 31^, 1.1-1.3 (m, 2H), 1.6 (q, 2H). 1.7-1.85 (m, 3H>, 2^iS5 (s, : 

2a (jt^ im^r:^^^^ ijs (m. 



Tliestaii^ 

fiaii<bsulphcmyl 

25 chloride wiasi^pre^^ exaiople 61^ Sej>arat^ isomei|s was achieved as 

described in e^^ 



m|dif >^ solid; 
iH);2.7-2;9(m, 
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(55>-5-Ethyl-5-{[(phenylmethyI)thio3me%l}imidazoUdine-2,4-di the letention time for 
this enantiomer was 4.1 min; NMR 0.77 (t, 3H), 1.59 (m, 2H), 2.67 (q, 2H), 3.76 (s, 2H), 7.24 
(m, IH). 7.31 (m, 4H), 7.89 (s, IH), 10.72 (s, IH). 

[(46)-4-Ethyi-2,S-dioxoimidazolidin-4-yl]methanesuIphonyl chloride; NMR (THF-ds) 0.96 (s, 
5 3H), 1.90 (m, 2H); 4.49 (d, IH), 4.59 (d, IH), 7.54 (s, IH), 9.97 (s, IH). 
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A compQiwd of fpnnula (1) or a phaim acceptable \ 

Y2 



salt thereof: 




R7 yi 



ifanntila(l) 

wherein: 

and arb td^^^ 

10 nis1>^l; 

W is NR^ GR*R? or a bond; 
> m is 0 or 1; 
D is hydrogen, Ci^kyl, Ca-ejcycloalkyl or fluoro; 

X is -<GR^^R^^)r-CHCR*^^^)tr- where t and u are independently 0 or 1 a^d Q is O, S, SO or 
15 SO2; 

B is a group selected from aiyl, heterqaryl and heterocyclyl, wheie each gijoup is optionally 
substitutedrby one or niore^groups independently selected from nitro, trifli orometh^, 
triflaoromethoxy, halo, cyano, Ci.4aUQ^I (optionally substituted by or cLalkoxy or erne m 
more halo), C2u^alkenyl (optionally substituted by halo or R^, C2^allqiiyl 

20 substituted by halo or R^), Ca^cycloalkyl (optionally substituted by R^ or cine or more halo), 
CsUscycloalkenyl XoptionaUy substituted by halo or R^ sul stituted by halo or 

Ci-4aikyl)i heteroa^l (optionally substituted by halo or Ci^aDcyl), heteroc) clyl (optionally 
substituted by Cwalkyl), -SR^^ -SOR", -SO2R", -SOsNR^^^ -NR^Sf 2R", - 
NHCONR^^^ 4)R^ ^NR^^^ --CONR^^^ arid -NR^COR^®; or B is C2- talkenyl or €2- 

25 4alkynyl; c«ch being optional substituted by a group selected fro 

aryl^heteroaryl an<&heterocyd which grcmp is optionally substituted by one or more halo. 
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nitro, cyano, trifluoromethyl, trifluoromethoxy, -CONHR^ -CONR -SO2R", - 
S02NR^R^^ -NR^S02R^^ , Ci^alkyl or Ci^alkoxy; with the provisos that: 
when n is 1 and W is NRS CR*R^ or a bond; or when n is 0 and W is CR^R^; ihen B is a 
group selected from aryl, heteroaryl and heterocyclyl, where each group is optionally 
5 substituted by one or more groups independently selected from nitro, trifluoromethyl, 

trifluoromethoxy, halo, cyano, Ci^alkyl (optionally substituted by R^ or Ci^alfcoxy or one or 
more halo), Co^alkenyl (optionally substituted by halo or R^), C2-4alkynyl (optionally 
substituted by halo or R^), C3^cycloalkyl (optionally substituted by R^ or one or more halo), 
C5.$cycloalkenyl (optionally substituted by halo or R^» aryl (optionally substituted by halo or 

10 C].4alkyl), heteroaryl (optionally substituted by halo or €1.4^11^1), heterocyclyl (optionally 
substituted by Ci^alkyl), -STi}\ -SOR", -SO2R", -SOaNR^^^ -NR^SO^R", - 
NHCONRV^ -OR^, -NR^^^ ^ONR^^^ and -NR^COR^^; or B is Ci^alkenyl or C2- 
4alkynyl, each being optionally substituted by a group selected from Ci^alkyl, Cs^cycloalkyl, 
aryl, heteroaryl and heterocyclyl which group is optionally substituted by one or more halo, 

15 nitro, cyano, fecifluoromethyl, trifluoromethoxy, --CO^IHR^ --CONR^R^^, -^OaR", - 
SOzNRV^ --NR^S02R^SCi^alkylorCMalkoxy;and 

when n is 0 and W is NR} or a bond; then B is a group selected from bicyclic aryl, bicyclic 
heteroaryl and bicyclic heterocyclyl, where each group is optionally substituted by one or 
more groups independently selected from nitro, trifluoromethyl, trifiuoromethoxy, halo, 

20 cyano, Ci^alkyl (optionally substituted by R' or Q^alkoxy or one or more halo), C2.4alkenyl 
(optionally substituted by halo or R^, C^alkynyl (optionally substituted by halo or R^, C3- 
ecycloalkyl (optionally substituted by or one or more halo), C5.6cycloalkenyl (optionally 
substituted by halo or R^), aryl (optionally substituted by halo or Ci^alkyl), heteroaryl 
(optionally substituted by halo or Ci-4alkyl), heterocyclyl (optionally substituted by Ci-4alkyl), 

25 -SR", -S0R^\ -SOzR^^ -SOiNR^R^^ -NR^SOzR^S -NHCONRV^ -OR^ -NRV^ - 
CONR^*^ and --NR^COR^^; or B is C2-4aUcenyl or C2-4alkynyl, each being optionally 
substituted by a group selected from Ci-4allc/l, Ca-gcycloalkyl, aryl, heteroaryl and heterocyclyl 
which group is optionally substituted by one or more halo, nitro, cyano, trifluoromethyl, 
trifluoromethoxy, -CONHR^, -CONR^R^**, -SOzR^S -S02NR^R^^ -NR^SO^R", Ci.4alkyl or 

30 Ci-4allcDxy; 
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and aire independently hydrogen or a group selected ftom Ci-6allcy 
6alkynyl; G3-6cybloa^ which groiip may be optioi lally substituted by 

haloy cyanb, hydrpxy or Gi^ialk^ 

B^,It!^, tt^ acid^^^^ initependeritly hydrogen or a ^msalkyl, Cz^l^nyly 

5 C7r6S^pi^yh^^ aryl, heterbaryl md heter^ yclyl which group is 

pptioniEdly substita^ 

cymov tiMupr^ tdflubromethyldxy^^ Cii,4aiik^ C^^aU ynyl, Cs-fiCycIoalkyl 



frr/GB2003/003937 



, C2-6aIkenyl, C2, 



(optionally su^titiited by oiie or more r!7) ^ biy or m 



hetMpiryl.^^ -OR 
10 Sb^R^^ ^<30I^ 

or R^and R^^toj^ atoms wdcaib^ 



18 



,-sR*^-sbR'^- 

iind-NR^^SOiR'^ 
to which tifiey are 



i^tainihg 1 <^ 
0|3^oijaU^ 



respectively att£k^ ^^^^inembexadri^ bhteinihg 1 or 2 

hetei^^ where ttji^g is ^optionally 

siiilMttii^^ on nitiix>ge ci by -^OCi-salkyl, - 

15 S02Ci-3aHcy^ 

or and R'* together form a saturated 3- to 7-niembered ring optionally i 
het^roatpm groups selected from NH, O, SO and SO2 where the ring isl < 
substituted on carbon by Ci^iall^ flubrbl^^ vby ^i3¥3i^all^, - 

SOiCMalkgi orCi^alkyl; 
'20 orR^ apd satuiatc^Sr t^ 2 

•libteroatp^ S, SO;midrSO^ cpisdtial^ 

\:;;$idbstituti^ caWpn by Ci.4al^ - 

Rl'ishydrogeS^^ 



25 TQ^i^oalk A^ere the gro^iis opt^ 

Ciu^aUcjd, Gi jfaJ^^ heib^hcK^ 
tfie gjnoup itoin;^v^ sdected is <^ 

bpfabn^ 

ialkyl, nitro, lialbCi^alkyi, heteroalkyl, aryl, heteroaiyl ■ hyd^ 
30 beterocydyl, Cr^jf^l^^ 

SR^, ^OR^, -^02R^, -NR^^COR^. -CQMl^^R^ a^^^^ 



> het^tmll;^ • Cb- 
iubstituted by halo, 
liete^ paU^; aindiwfaerein 
j ^iip ahd/^ on its 
fxfcn 

Gs-TcycIoaUq^l, 

22. 
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or and R'' together with the carbon atoms to which they are each attached and (CR^\ 
form a saturated 5- to 7-membered ting optionally containing a heteroatom group selected 
from NH, O, S, SO and SO2 where the ring is optionally substituted on carbon by Ci.4alkyl, 
fluoro or Ci,4alkoxy and/or on nitrogen by -<:OCi.3allcyl, -SOaCi-aalkyl or CMalkyI; 
5 R* is selected from hydrogen, C^6alkyl and haloCi-^alkyl; 

R^ and R^^ are independently hydrogen, Ci^allsyl or C«cycloalkyl; 

or R^ and R^^ togeth^ with the nitrogen to which they are attached form a heterocyclic 4 to 7- 
memberedring. 

R^ is Ci-6alkyl or Ca^cycloalkyl; 
10 R^, R^, R^* and R^ axe independ^itly selected from hydrogen, Ci-^alkyl and Ca-acycloalkyl; 
R^^ is hydrogen or Ci^alkyl; 

R^''' is selected from halo, Ci-ealkyl, Ca-ecycloalkyl and Ci^alkoxy; 

R^* is hydrogen or a group selected from Ci^alkyl, Ca^cycloalkyl, Q^Tcycloalkenyl, saturated 

heterocyclyl, aryl, heteroaryl, arylCi-4alkyl and heteroarylCi^alkyl which group is optionally 
1 5 substituted by one or more halo; 

R^ and R^ are independently a group selected from Ci^allcyl, Cs^cycloalkyl, C5. 

7cycIoalkenyl, saturated heterocyclyl, aryl, heteroaryl, ar>^Ci^fcyl and heteroarylCi^alkyl 

which group is optionally substituted by one or more halo; 

R^ is hydrogen, Ci^ll^l or Cs-ijcycloalkyl; 
20 or R^* and R^ together with the nitrogen to which they are attached form a heterocyclic 4- to 

7- membered ring; 

R^^ and R^ are independently hydrogen, Ci.4alkyl, haloCi.4allcyl, aryl and arylCMalkyl; 

or R^^ and R^ together with the nitrogen to which they are attached form a hetox)cyclic 5- to 

6- membered ting. 



25 



A compound of formula (1) or a pharmaceutically acceptable salt thereof: 

Y2 

ji 

(D), O^. ,0 z^NH 

^X"'^-^ R5 R6 " ' 
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wherein: 

and are independently O or S; 

n is 0; 
WisNR*; 
misOorl; 

p is hydrogen. Ci^ia^ C3^5cycloaIk^ or fluoio; 

X is4<GaB^?Bt^^)r^-<G^ or 1 is O. S, SO or 
SOzl 

10 B is a groi^ selec^d frbm^a^ heterpaiyl andheteroc]^^^ each gkoup is optionally 

substituted by onei qr^^m sdlbcted Crom^^ idibinethyl, 

triflupninietho^ ot C i.4alkoxy or one or 

inote'hal0)rC^fl^ (c^onally 

^ 3ne br-iriote halo), 

tS C^cj^lcmllcer^ >stituted by halo or 
CMa|lcyl), heteroaryl (optionally substituted by halo or Ci-4alkyl), heteroc; ^clyl (optionally 



io 



substituted by Caalkyl), -SR* -SOR^ *, --SC)2R" 
Jl itec>NR%*^ ^OR^ ^CMSfRr^R^® and -NR^GOR^^i 
i^ishydroge^ 

C5i6Pyc;16itijk^^ vv^ic^^l;^^ <!^€maU^ halp, cyaiu^ 

aild'ill 

4!^ikyhyh Cs-scycloallg^^ pito whick 
substituteiil^^ 



Q -^ycloaHqd and 
, hydroxy or Ci- 

C::2.4alkenyi; G2. 
^iip is optionally 
liitro, cyano. 



25 triflubi^^ 



19 



,-1SR^^^(I)R^^- 



(optionaUysiiil^tii^^ 
h^teroitryl ((^li^ subistit^ 

or and together with the nitrogen aiid carbon atbim to w Wch they an y r^pectively 
30 attached fonh a sattu-ated 3- to 7-menibered ring optionally containing 1 oi 2 heteroatom 

groups sdected from NH, O, S, SO and SO2 whew the carbon 



one or more R^'), 
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l>y CMalkyl, fluoro or Ci^alkoxy aad/or on nitrogen by-COCi-aalkyl. -SOzCi-salkyl or Ci. 
4allcyl; 

or R and R together form a carbocyclic or saturated heterocyclic 3- to 7-xnembered ring 

optionally containing 1 or 2 heteroatom groups selected from NH, O, S, SO and SO2 where 
5 the ring is optionally substituted on carbon by Ci-4alkyl, fluoro or Ci-4alkoxy and/or on 

nittogen by-COCi,3alkyl, "S02Ci-3aIkyl or Ci.4alkyl; 

is hydrogen or a group selected firom Q^lkyl, het^oallgrl, Ca-scycloalkyl, aryl, heteroaiyl 

or heterocyclyl which group is optionally substituted by halo, Ci^alkyl* Ci.4alkoxy, C3. 

scycloaDcyl, heterocyclyl, aryl, heteroaryl or heteroalkyi; and wherein the group from which R^ 
10 may be selected is optionally substituted on the group and/or on its c^tional substituent by one 

or more substituents independently selected from halo, cyano, Ci^alkyl, nitro, haloCi.4alkyl, 

heteroalkyi, aryl, heteroaryl, hydroxyCi-4alkyl, Ca-scycloalkyl, heterocyclyl, CMalkoxyCi- 

4alkyl, haloCi^alkoxyCi^alkyl, -COCl.^alkyl, -OR^^ ^OtJSL^K --SR^, -^0R^\ -SOzR^, - 

CONR^^R^^ and -NHCONR^*R^; 
15 or R^ and R^ together with the caibon atoms to which they are each attached and (CR^R^u 

form a saturated carbocyclic or heterocyclic 5- or 6-membered ring; 

R^ is selected from hydrogen, Ci^alkyl and haloCi^alk/l; 

R^ and R*® are independently hydrogen, Ci^Ikyl or Cj^cycloalkyl; 

or R^ and R*^ together with the nitrogen to which they are attached form a het»x)cyclic 4 to 6- 
20 memb^red ring. 

R^^ is Ci^alkyl or Ca^scycloalkyl; 

jj^i2 R*^, R*"* and R*^ are independently selected from hydrogen, Ci-4alkyl and C3.4cycloalkyl; 
R^^ is hydrogen or Ci^alkyl; 

R^'' is selected from halo, CMalkyl, Cs-scycloalkyl and Ci^alkoxy; 
25 R^^ is hydrogra or a group selected from Ci^alkyl, Cs^scycloalkyl, Cs^ycloalkenyl, saturated 
heterocyclyl, aryl, heteroaryl, arylCi-4alkyI and heteroarylCMalkyl which group is optionally 
substituted by one or more halo; 

R*^ and R^ are independently a group selected from Q^alkyl, Ca-scycloalkyl, Q. 
6cycloalkenyl, saturated heterocyclyl, aryl, heteroaryl, arylCi^alkyl and heteroarylCi.4alkyl 
30 which group is optionally substituted by one or more halo; 
R^ is hydrogen, Ci^alkyl or Ca-scycloalkyl; 
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or and together with the nitrogen to wiuch^thby ire 4- to 

6- membeied ring; 

arid B^^are inidepimdei^ aryl told arylCi^alk^; 

or R?* and Sl^ togethiB^^ whieh they are attadied fbni i a heterocyclic 5- to 



3; A conippund?iccb^ jpyriciyl, qiiinolinyl, 

isbi^^ thiefiit^^^ 2iSi-xtis^^ i;4- 
nidtH}^ benzofuian)^, 

10# bdnzothien^^^^ 

ija^^^ »yraz6lopyridin^, 
ijn<b^5^ each is 



optionaUy substi ti^^ 



riitco. 



trffluckpm^ y^one or more halo). 



15 e2-4alkynyl, heterparyl, -OR?, cyano, -] 

or ethynyl optionally substituted by Ci-4alIo^l. 



10 



4« . A compound according to claim 1 or 2 wherein B^is a group select ^ from bicyclic 
aryl, bicyclic heteroaryl ahdibicy^^^ heterocyclyl, where each group is opt tonally substituted 
20- by oiieormoregrbups^^nd^ trifluotomethoxy, 
halo, Cualkyl (optionally substituted by one or more halo), C2^alkynyl, bi Jteroai^, -OR^ 

■^icy^:^i^^ 

^suisst^^ ' ' 



and -^^^ vinyl 



25 5. Accmipd^^ 

6. Acomp^^ R^^is hydrogra or a 

group selected froni Ci^alloi, aiylCi-4alkyl, heten>aryiei-4alkyl, heterecycIylCi^alkyi, aiyl, 
heterbaiyi/hetertx^yd Ci. 
30 4aIkj4. halo,-<>R| 
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7. A compound according to claim 6 wherein is hydrogen or Ci^alkyl optionally 
substituted with halo, hydroxy or Ci.salkoxy. 

8. A phannaceutical composition comprising a compound according to claim 1 or claim 
5 2; and a phamiaceutically-acceptable diluent or carrier. 

9. A compound according to claim 1 or 2 for use as a medicammt 

10. The use of a compound according to claim 1 or 2 in the manufacture of a medicament 
10 in the treatment of a disease condition mediated TNF-ol 

1 1 . The use of a compound according to claim 1 or 2 in the manufacture of a medicament 
in the treatment of autoimmune disease, allergic/atopic diseases, transplant rejection, graft 
versus host disease, cardiovascular disease, reperiusion injury and malignancy in a wamx- 

15 blooded animal such as man. 



12. A method of treating autoimmune disease, allergic/atopic diseases, transplant 
rejection, graft versus host disease, cardiovascular disease, leperfasion injury and malignancy 
in a warm-blooded animal, such as man, in need of such treatment which comprises 

20 adnoinistering to said animal an effective amount of a compound accoiding to claim 1 or 2. 

13. A process for preparing a compound according to claim 1 or 2, comprising the steps of 
converting a ketone or aldehyde of formula (2) into a compound of formula (1); 

X 

formula (2) formula (1) 

25 

and thereafter if necessary: 

i) converting a compound of formula (1) into another compound of formula (1); 

ii) removing any protecting groups; 

iii) forming a pharmaceutically acceptable salt or in vivo hydrolysable ester 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appliciant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

Ef, 



FADED TEXT OR DRAWING 
^fsLURRED OR ILLEGIBLE TPXT O^ DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
(J^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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